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sequence, followed by dimensional outlines and 
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some data sheets include more than one type 
number, however, some types may be out of 
sequence. If you don't find the type you're looking 
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RCA Solid State 

Total Data Service System 


The RCA Solid State DATABOOKS are supplemented throughout 
the year by a comprehensive data service system that keeps you 
aware of all new device announcements and lets you obtain as much 
or as little product information as you need — when you need it. 

New solid-state devices and related publications announced during 
the year are described in a newsletter entitled “What's New in Solid 
State". If you obtained your DATABOOK(s) directly from RCA, 
your name is already on the mailing list for this newsletter. If you 
obtained your book(s) from a source other than RCA and wish to 
receive the newsletter, please fill out the form on page 4, detach it, 
and mail it to RCA. 

Each newsletter issue contains a “bingo"-type fast-response form for 
your use in requesting information on new devices of interest to you. 
If you wish to receive all new product information published 
throughout the year, without having to use the newsletter response 
form, you may subscribe to a mailing service which will bring you all 
new data sheets and application notes in a package every other 
month. You can also obtain a binder for easy filing of all your 
supplementary material. Provisions for obtaining information on the 
update mailing service and the binder are included in the order form 
on page 4. 

Because we are interested in your reaction to this approach to data 
service, we invite you to add your comments to the form when you 
return it, or to send your remarks to one of the addresses listed at 
the top of the form. We solicit your constructive criticism to help us 
improve our service to you. 
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and for further information on Update Mailings and Binders 

Please fill out just one copy of this form, and mail it to: 

(a) from U.S.A. and Canada: 

RCA Solid State Division 
Box 3200 

Somerville, N. J., U.S.A. 08876 
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International Sales 
Somerville, N. J., U.S.A. 08876 

(c) from United Kingdom, Europe, Middle East, and Africa: 
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Sunbury-on-Thames or 4400 Herstal 

Middlesex TW16 7HW, England Liege, Belgium 


D Please add my name to the mailing list for "What's New in Solid State" 

D Please send me details on obtaining update mailings for my DATABOOKS 
and a binder for filing of supplementary material. 
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Company 

Address 

Home 
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(Country) (Zip or Pstl. Zone) 
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216 

40392 

80 

60 

7 

50-250 

432 

40394 

162 

-60 

7 

50-250 

216 

40406 

416 

-50* 

1 

30-200 

219 

40407 

416 

50* 

1 

40-200 

219 

40408 

416 

90* 

1 

40-200 

219 

40409 

416 

90# 

3 

50-250 

219 

40410 

416 

-90# 

3 

50-250 

219 
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Index to Power Transistors and Power Hybrid Circuits (Cont'd) 



Page 

No. 

Collector-to- 

Power 

DC Current 

Data 

Type No. 

Base Voltage 

Dissipation 

Transfer 

Sheet 



(Max.) - V 

(Max.) - W 

Ratio 

File No 

40411 

416 

90# 

150 

35-100 

219 

40412 

402 

250# 

10 

40 min. 

211 

4041 2V1 

402 

250# 

4 

40 min. 

211 

4041 2 V2 

402 

250# 

10 

40 min. 

211 

40537 

422 

-55# 

5 

50-300 

302 

40538 

422 

-55# 

5 

15-90 

302 

40539 

425 

55# 

5 

15-90 

303 

40542 

428 

50# 

83 

20-70 

304 

40543 

428 

60# 

83 

20-70 

304 

40544 

425 

50# 

7 

35-200 

303 

40594 

432 

95# 

10 

70-350 

358 

40595 

432 

-95# 

10 

70-350 

358 

40608 

435 

40 

3.5 

35-120 

356 

40611 

432 

25* 

5 

70-500 

358 

40613 

432 

25* 

36 

30-120 

358 

40616 

432 

32* 

5 

70-500 

358 

40618 

432 

30* 

36 

30-120 

358 

40621 

432 

32* 

36 

25-100 

358 

40622 

432 

40* 

36 

25-100 

358 

40624 

432 

45* 

50 

20-100 

358 

40625 

432 

45* 

3.5 

100-300 

358 

40627 

432 

55* 

50 

20-100 

358 

40628 

432 

55* 

3.5 

100-300 

358 

40629 

432 

35# 

36 

20-70 

358 

40630 

432 

40# 

36 

20-70 

358 

40631 

432 

45# 

36 

20-70 

358 

40632 

432 

60# 

50 

20-70 

358 

40634 

432 

-75# 

5 

50-250 

358 

40635 

432 

75# 

5 

50-250 

358 

40636 

432 

95# 

115 

20-70 

358 

40829 

264 

-90 

40 

20-100 

675 

40830 

264 

-70 

40 

20-100 

675 

40831 

264 

-50 

40 

20-100 

675 

40850 

439 

450 

35 

25 min. 

498 

40851 

439 

450 

45 

12 min. 

498 

40852 

439 

450 

100 

12 min. 

498 

40853 

439 

450 

100 

10 min. 

498 

40854 

439 

450 

110 

10 min. 

498 

40885 

304 

300 

20 

30-190 

508 

40886 

304 

350 

20 

30-150 

508 

40887 

304 

450 

20 

30-150 

508 

40894 

443 

20 

0.3 

50-250 

548 

40895 

443 

20 

0.3 

40-250 

548 

40896 

443 

20 

0.3 

27-250 

548 

40897 

443 

20 

0.3 

70-250 

548 

40910 

85 

50 

29 

20-100 

527 

40911 

85 

90 

50 

25-100 

527 

40912 

109 

140 

20 

20-100 

529 

40913 

109 

170 

50 

20-60 

529 

40915 

448 

35 

0.2 

20 min. 

574 

41500 

452 

35 

40 

25 min. 

772 

41501 

456 

-35 

40 

25 min. 

770 

41 502 

459 

30* 

3 

30 min. 

773 

41503 

462 

-30* 

1 

20 min. 

774 

41504 

465 

35# 

36 

25 min. 

775 

41505 

468 

200* 

20 

20 min. 

771 

41506 

471 

200 

100 

8 min. 

776 

43104 

475 

160 

150 

15-60 

622 

CH2102 

698 

60* 

- 

50 min. 

632 

CH2270 

698 

45* 

- 

50 min. 

632 

CH2405 

698 

90* 

- 

50 min. 

632 

CH3053 

698 

30* 

- 

50 min. 

632 

CH3439 

698 

325* 

- 

30 min. 

632 

CH3440 

698 

250* 

- 

30 min. 

632 

CH4036 

698 

-65* 

- 

35 min. 

632 


Type No. 

Page 

No. 

Collector-to- 
Base Voltage 
(Max.) - V 

Power 
Dissipation 
(Max.) - W 

DC Current 
Transfer 
Ratio 

Data 
Sheet 
File No. 

CH4037 

698 

-40* 

- 

35 min. 

632 

CH5320 

698 

80* 

- 

30 min. 

632 

CH5321 

698 

55* 

- 

30 min. 

632 

CH5322 

698 

-80* 

- 

30 min. 

632 

CH5323 

698 

-55* 

- 

30 min. 

632 

CH5262 

698 

35* 

- 

30 min. 

632 

CH6479 

698 

60* 

- 

40 min. 

632 

HC2000H 

704 

75« 

35 

7A a 

566 

HC2500 

709 

75" 

<100 

7A a 

681 

RCA1A01 

479 

70* 

5 

40-200 

651 

RCA1A02 

479 

-50* 

7 

30-200 

651 

RCA1A03 

479 

95 

10 

70-300 

651 

RCA1A04 

479 

-95 

10 

70-300 

651 

RCA1A05 

479 

-75 

5 

50-250 

651 

RCA1A06 

479 

75 

5 

50-250 

651 

RCA1A07 

479 

50 

5 

50-250 

651 

RCA1A08 

479 

-50 

7 

70-250 

651 

RCA1A09 

479 

175* 

10 

20-100 

651 

RCA1A10 

479 

-175* 

10 

40-250 

651 

RCA1A11 

479 

175* 

10 

40-250 

651 

RCA1A15 

479 

100* 

10 

20-100 

651 

RCA1A16 

479 

-100* 

10 

40-250 

651 

RCA1A17 

479 

90* 

5 

40-200 

651 

RCA1A18 

479 

10* 

7 

40-250 

651 

RCA1A19 

479 

-10* 

7 

40-250 

651 

RCA1B01 

489 

95 

115 

20-70 

647 

RCA1B04 

493 

225 

150 

15-75 

649 

RCA1B05 

498 

275 

150 

15-75 

650 

RCA1B06 

503 

120 

150 

10-50 

648 

RCA1B07 

507 

80 

100 

1000-15000 

791 

RCA1B08 

507 

-80 

100 

1000-15000 

791 

RCA1C03 

512 

120 

40 

50-250 

652 

RCA1C04 

512 

-120 

40 

50-250 

652 

RCA1C05 

515 

60 

40 

20-120 

644 

RCA1C06 

515 

-60 

40 

20-120 

644 

RCA1C07 

519 

75 

75 

20-120 

646 

RCA1C08 

519 

-75 

75 

20-120 

646 

RCA1C09 

523 

75 

75 

20-120 

645 

RCA1C10 

527 

40 

40 

50-250 

642 

RCA1C11 

527 

-40 

40 

50-250 

642 

RCA1C12 

512 

140 

40 

40-250 

652 

RCA1C13 

512 

-140 

40 

40-250 

652 

RCA1C14 

532 

60 

50 

20-70 

643 

RCA1 E02 

536 

200 

35 

30-150 

653 

RCA1E03 

536 

-200 

35 

30-150 

653 

RCA29 

538 

40 

30 

15-75 

583 

RCA29A 

538 

60 

30 

15-75 

583 

RCA29B 

538 

80 

30 

15-75 

583 

RCA29C 

538 

. 100 

30 

15-75 

583 

RCA29/SDH 

542 

40 

36 

40 min. 

792 

RCA29A/SDH 542 

60 

36 

40 min. 

792 

RCA29B/SDH 542 

80 

36 

40 min. 

792 

RCA29C/SDH 542 

100 

50 

40 min. 

792 

RCA30 

548 

-40 

30 

15-75 

584 

RCA30A 

548 

-60 

30 

15-75 

584 

RCA30B 

548 

-80 

30 

15-75 

584 

RCA30C 

548 

-100 

30 

15-75 

584 

RCA31 

552 

40 

40 

10-50 

585 

RCA31A 

552 

60 

40 

10-50 

585 

RCA31B 

552 

80 

40 

10-50 

585 

RCA31C 

552 

100 

40 

10-50 

585 

RCA31/SDH 

556 

40 

36 

25 min. 

793 

RCA31 A/SDH 556 

60 

36 

25 min. 

793 

RCA31 B/SDH 556 

80 

36 

25 min. 

793 

RCA31 C/SDH 556 

100 

50 

25 min. 

793 
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Index to Power Transistors and Power Hybrid Circuits (Cont'd) 




Collector-to- 

Power 

DC Current 

Data 


Page 

Collector-to- 

Power 

DC Current 

Data 

Type No. 

Page 

Base Voltage 

Dissipation 

Transfer 

Sheet 

Type No. 

Base Voltage 

Dissipation 

Transfer 

Sheet 


No. 

(Max.) - V 

(Max.) - W 

Ratio 

-ile No. 


No. 

(Max.) - V 

(Max.) - W 

Ratio 

File No. 

RCA32 

562 

-40 

40 

10-50 

586 

RCP111D 

639 

350 

6.25 

50-300 

822 

RCA32A 

562 

-60 

40 

10-50 

586 

RCP113A 

639 

200 

6.25 

30-1 50 

822 

RCA32B 

562 

-80 

40 

10-50 

586 

RCP113B 

639 

250 

6.25 

30-150 

822 

RCA32C 

562 

-100 

40 

10-50 

586 

RCP113C 

639 

300 

6.25 

30-150 

822 

RCA41 

566 

40 

65 

15-75 

587 

RCP113D 

639 

350 

6.25 

30-1 50 

822 

RCA41A 

566 

60 

65 

15-75 

587 

RCP115 

639 

100 

6.25 

50 min. 

822 

RCA41B 

566 

80 

65 

15-75 

587 

RCP115B 

639 

250 

6.25 

50 min. 

822 

RCA41C 

566 

100 

65 

15-75 

587 

RCP117 

639 

100 

6.25 

20 min. 

822 

RCA41/SDH 

570 

40 

75 

30 min. 

794 

RCP117B 

639 

250 

6.25 

20 min. 

822 

RCA41 A/SDH 570 

60 

75 

30 min. 

794 

RCP700A 

649 

-55 

10 

50-250 

821 

RCA41 B/SDH 

570 

80 

75 

30 min. 

794 

RCP700B 

649 

-85 

10 

50-250 

821 

RCA42 

574 

-40 

65 

15-75 

588 

RCP700C 

649 

-105 

10 

50-250 

821 

RCA42A 

574 

-60 

65 

15-75 

588 

RCP700D 

649 

-125 

10 

50-250 

821 

RCA42B 

574 

-80 

65 

15-75 

588 

RCP701A 

659 

55 

10 

50-250 

820 

RCA42C 

574 

-100 

65 

15-75 

588 

RCP701B 

659 

85 

10 

50-250 

820 

RCA120 

578 

60 

60 

1000 min. 

840 

RCP701C 

659 

105 

10 

50-250 

820 

RCA121 

578 

80 

60 

1000 min. 

840 

RCP701D 

659 

125 

10 

50-250 

820 

RCA122 

578 

100 

60 

1000 min. 

840 

RCP702A 

649 

-55 

10 

30-1 50 

821 

RCA125 

583 

-60 

6 

1000 min. 

841 

RCP702B 

649 

-85 

10 

30-150 

821 

RCA126 

583 

-80 

6 

1000 min. 

841 

RCP702C 

649 

' -105 

10 

30-150 

821 

RCA410 

587 

200 

125 

30-90 

509 

RCP702D 

649 

-125 

10 

30-150 

821 

RCA41 1 

592 

300 

125 

30-90 

510 

RCP703A 

659 

55 

10 

30-1 50 

820 

RCA413 

597 

400 

125 

20-80 

511 

RCP703B 

659 

85 

10 

30-150 

820 

RCA423 

602 

400 

125 

30-90 

512 

RCP703C 

659 

105 

10 

30-150 

820 

RCA431 

607 

400 

125 

15-35 

513 

RCP703D 

659 

125 

10 

30-150 

820 

RCA1000 

612 

60 

90 

750 min. 

594 

RCP704 

649 

-45 

10 

50 min. 

821 

RCA1001 

612 

80 

90 

750 min. 

594 

RCP704B 

649 

-85 

10 

50 min. 

821 

RCA3054 

615 

90 

36 

25-100 

618 

RCP705 

659 

45 

10 

50 min. 

820 

RCA3055 

615 

100 

75 

20-70 

618 

RCP705B 

659 

85 

10 

50 min. 

820 

RCA3441 

622 

140 

36 

20-150 

666 

RCP706 

649 

-45 

10 

20 min. 

821 

RCA6263 

622 

160 

36 

20-150 

666 

RCP706B 

649 

-85 

10 

20 min. 

821 

RCA8203 

627 

-40 

60 

1000-20,000 

835 

RCP707 

659 

45 

10 

20 min. 

820 

RCA8203A 

627 

-60 

60 

1000-20,000 

835 

RCP707B 

659 

85 

10 

20 min. 

820 

RCA8203B 

627 

-80 

60 

1000-20,000 

835 

RCS242 

669 

50 

115 

20 min. 

778 

RCA8350 

633 

-40 

70 

1000-20,000 

861 

RCS559 

673 

-275 

35 

10-100 

782 

RCA8350A 

633 

-60 

70 

1000-20,000 

861 

RCS560 

673 

-250 

35 

7.5 min. 

782 

RCA8350B 

633 

-80 

70 

1000-20,000 

861 

RCS564 

678 

300 

175 

5 min. 

779 

RCP111A 

639 

200 

6.25 

50-300 

822 

RCS880 

685 

-150* 

0.75 

20-150 

777 

RCP111B 

639 

250 

6.25 

50-300 

822 

RCS881 

689 

-250 

0.75 

20 min. 

780 

RCP111C 

639 

300 

6.25 

50-300 

822 

RCS882 

693 

-350 

7.5 

20 min. 

781 


■ v CEO 
# = v C ER 
■ = Supply Voltage 
A = Output Current 
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Application Notes for Power Transistors 


No. 


Title 


Page 


ICE-402 

AN-3065 

AN-3565 

AN-4124 

AN-4509 

AN -4558 

AN-4573 

AN-4612 

AN *4673 
AN-4783 
AN-6145 
AN-6163 

AN-6195 

AN-6215 

AN-6249 

AN-6272 

AN-6281 

AN-6297 

AN-6320 

AN-6330 


''Operating Considerations for RCA Solid State Devices" 730 

"Silicon Transistors for High-Voltage Applications" 735 

"A 100-Watt, 18 kHz Inverter Using RCA-2N5202 Silicon 

Power Transistors" 745 

"Handling and Mounting of RCA Molded-Plastic Transistors 

and Thyristors" 748 

"Compact 5-Volt Power Supplies Using High-Voltage 

Power Transistors" 756 

"A 60-Watt, 20-Volt Regulated Power Supply Using a 

Single Pass Transistor" 764 

"Testing for Forward-Bias Second Breakdown in 

Power Transistors" 776 

"Thermal -Cycling Rating System for Silicon 

Power Transistors" 782 

"A 750-Watt Three-Phase Frequency Converter" 785 

"Thermal -Cycling Ratings of Power Transistors" 790 

"Test Set for Nondestructive Safe- Area Measurements" 797 

"Measurement of Power-Transistor Thermal-Cycling 

Capability" 805 

"A Switching Regulator Using RCA P-N-P Power 

Darlington Transistors" 815 

"Interpretation of Voltage Ratings 

for Transistors" 823 

"Real-Time Controls of Silicon Power-Transistor 

Reliability" .829 

"Characteristics of RCA Monolithic Power Darlingtons" 834 

"Accurate Measurement of Sustaining Voltage of Power 

Transistors — A Pulsed-Breakdown Test Set" 840 

"Biasing Circuit for the Output Stage of a Power 

Transistor — The VbE Multiplier" 846 

"Radiation Hardness Capability of RCA Silicon 

Power Transistors" 848 

."A Safe-Area Rating System for Power Inverters 

Handling Capacitive and Inductive Loads" 856 
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MONOLITHIC DARLINGTON TYPES 
Iq to 10 A . . . Pj to 100 W . . . hp£ to 1000 min. 


I c = — 10 A max. 

Pj = 60 W max. 
VERSAWATT 
(TO-220) 

l c = 8 A max. 

Py = 90 W max. 
(TO-3) 

• c = 8 A max. 

Py = 60 W max. 
VERSAWATT 
(TO-220) 

l c = 10 A max. 

Py = 100 W max. 
(TO-3) 

l c = 10 A max. 

Py = 60 W max. 
VERSAWATT 
(TO-220) 

l c = 10 A max. 

Py = 70 W max. 
(TO-3) 

130 x 130* 

136 x 136 

136 x 136 

136 x 136 

136 x 136 

136 x 136 



Family Designation 



RCA8203 

2N6385 

TA8904 

2N6385 

2N6388 

RCA8350 

[P-N-P] 

[N-P-N] 

[N-P-N] 

[N-P-N] 

[N-P-N] 

[P-N-P] 

RCA8203 

RCA1000 

RCA122 

2N6383 

2N6386 

RCA8350 

V r pp(sus) = -40 V 

Vceo^ sus ^ = 60 V 

V CER (sus) “ 100 v 

V r p 0 (sus) = 40 V 

v CEO (sus) = 40 v 

V CE r(sus) = -40 V 

h FE = 1000-20,000 

h FE = 1000 min. 

h FE = 1°°° min - 

hpE = 1000 min. 

h FE = 1000 min. 

h FE = 1000-20,000 

@ — 3 A 

@3 A 

@3 A 

@5 A 

@3 A 

@ — 5 A 

f-j- = 20 MHz min. 

t on = 1 V s tVP- 

fy = 20 MHz min. 

t on = 1 typ- 

t on = 1 ^ tVP- 

fy = 20 MHz min. 

I C = -8A 

t f = 3 JXs typ. 


tf = 3 /xs typ. 

t f = 3 JUs typ. 



t s = 1 ^Xs typ. 


t s = 1 JUs typ. 

t s = 1 JUs typ. 





I r = 10 A 

I c = 10 A, Py = 40W 





CT 

CT 


File No. 835 

File No. 594 

File No. 840 

File No. 609 

Fite No. 610 

File No. 861 

RCA125 

RCA1001 


2N6055 

RCA120 

RCA8350A 

v C eo = - 6 °v 

V CEO (sus) = 80 v 


V CE o(sus) = 60 V 

V CER (sus) = 6 ° V 

v CER<sus) = -60 V 

hp E — 1000 min. 

hpE = 1000 min. 


hp E = 750 min. 

h FE = 1000 min. 

h FE = 1000-20.000 

@ — 3 A 

@3 A 


@4 A 

@3 A 

@ — 5 A 

f-|- = 20 MHz min. 

t on = 1 ^ typ. 


t on = i ** typ- 

fy = 20 MHz min. 

fy = 20 MHz min. 

I C = -8A 

t f = 3 JUs typ. 


t f = 3 JUs typ. 

I C = 8A 



t s = 1 /Xs typ. 


t s = 1 ^Xs typ. 

Py = 60 W 





I c = 8 A 



File No. 841 

File No. 594 


File No. 563 

File No. 840 

File No. 861 

RCA8203A 



2N6384 

2N6387 

RCA8350B 

V CER (sus) = - 60V 



V CEO^ sus ^ = 60 V 

VcEO^ sus ) = 88 V 

VcerIsus) = -80 V 

h FE = 1000-20,000 



hp E = 1000 min. 

h FE = 1000 min. 

h FE = 1000-20,000 

@ — 5 A 



@5 A 

@5 A 

@ — 5 A 

f T = 20 MHz min. 



t on = 1 tVP- 

t on = 1 ^ typ. 

fy = 20 MHz min. 

I C = -10A 



tf = 3 JUs typ. 

tf = 3 JXs typ. 





t s = 1 Ms typ. 

t s = 1 Ms typ. 





I C =10A 

I c = 10 A,Py = 40W 





CT 

CT 


File No. 835 



File No. 609 

File No. 610 

File No. 861 

RCA 126 



2N6056 

RCA121 


V CEO = ~ 80 V 



V CE o< sus l = 80 V 

Vcer( sus ) = 80 v 


h FE = 1000 min. 



hp E = 750 min. 

h FE = 1000 min. 


@ — 3 A 



@4 A 

@3 A 


fy = 20 MHz min. 



*on = i ^ typ- 

fy = 20 MHz min. 


'c = -8A 



tf = 3 /Xs typ. 

I C = 8A 





t s = 1 fJs typ. 

Py = 60 W 





I C = 8A 



File No. 841 



File No. 563 

File No. 840 


RCA8203B 



2N6385 

2N6388 


v Cer(sus) = -80 V 



V CEO* sus * = 80 v 

V CEO^ sus ^ = 80 v 


h FE = 1000-20,000 



hp E = 1000 min. 

hp E = 1000 min. 


@ — 5 A 



@5 A 

@5 A 


fy = 20 MHz min. 



t on = 1 ^ typ. 

t on = 1 Ms typ. 


I C = -10A 



t f = 3 JUs typ. 

t f = 3 JUs typ. 





t s = 1 JUs typ. 

t s = 1 JUs typ. 





I_ = 10 A 

I c = 10 A, Py = 40 W 





CT 

CT 


File No. 835 



File No. 609 

File No. 610 



* Pellet size— values shown are edge dimensions CT— Complementary Type available 

in thousands-of-an-inch (mils). 



























HOMETAXIAL-BASE N-P-N POWER TYPES 
l c to 80 A . . . P T to 300 W . . . V CE to 170 V 


l c = 1.5 A max. 

Pj = 5 W max. 
(TO-39)* 

l c = 1.5 A max. 

P T = 8.75 W max. 
(TO-39)* 

l c = 1.5 A max. 

P T = 8.75 W max. 
(TO-39)* 

l c = 3.5 A max. 
P T = 10W max. 
(TO-39)* 

l c = 4 A max. 

Pj = 50 W max. 
(TO-66)** 

l c = 4 A max. 

Py = 36 W max. 
VERSAWATT 
(TO-220) 

90 x 90* 

90x90 

90x90 

90x90 

130 x 130 

130 x 130 



Family Designation 



2N1482 

2N1482 

40349 

2N5786 

2N3054 

2N5298 

2N1479* 

V CEV = 60V 
h FE = 20-60 
@ 200 mA 

40347 

v cev ( sus) = 60V 

h FE = 25-100 
@ 450 mA 
f T = 1.5 MHz typ. 

40349 

v CEV <sus)= 160 v 
h FE = 30-125 

@ 1 50 mA 
f T = 1.5 MHz typ. 

2N5786* 

v CER <sus) = 45 v 
h FE = 20-100 

@ 1.6 A 

fy = 1 MHz min. 

40250 

V CEV (sus) = 50 V 
h FE = 25-100 
@ 1.5 A 

fj = 1.2 MHz typ. 

P T = 29 W 

41504 

v CER (sus, = 35 V 
hpE = 25 min. 

@ 1 A 

fy = 0.8 MHz min. 

File No. 135 

File No. 88 

File No. 88 

CT 

File No. 413 

CT 

File No. 112 

File No. 775 

2N1481* 

V CEV = 60 v 
h pE = 35-100 

@ 200 mA 

40348 

v CEV (sus) = 90 V 
h FE = 30-125 

@ 300 mA 

f T = 1.5 MHz typ. 


2N5785* 

V CER (sus> = 65 v 
h FE = 20-100 

@ 1.2 A 

fy = 1 MHz. min. 

2N6260 

Vppw(sus) = 50 V 
h FE = 20-100 
@ 1.5 A 

f j = 0.8 MHz min. 

P T = 29 W 

2N5295 

2N5296 

v Cer(sus) = 50 V 

h FE = 30-120 
@ 1 A 

fy = 0.8 MHz min. 

File No. 135 

File No. 88 


CT 

File No. 413 

File No. 527 

CT 

File No. 322 

2N1480* 

V CEV = 1Q 0 V 
h FE = 20 min. 

@ 200 mA 



2N5784* 

VcerIsus) = 80 V 
h FE = 20-100 
@ 1 A 

f j = 1 MHz min. 

2N3054 

Vc E r(sus) = 60 V 
h pE = 25-150 
@0.5 A 

f-|- = 0.8 MHz min. 

Py = 25 W 

2N5297 

2N5298 

V CER< SUS > = 70 V 
h pE = 20-80 
@ 1.5 A 

fy = 0.8 MHz min. 

File No. 135 



CT 

File No. 413 

CT 

File No. 527 

CT 

File No. 322 

2N1482* 

V C EV = 100 V 
h FE = 35-100 
@ 200 mA 

File No. 135 

Pellet size— values shown are edge dimensions 
in thousands-of-an-inch (mils) 

•Available with 

a. flange for easy heat sinking Rqjc = 15° C/W 

b. free-air radiator Rq ja - 40-50° C/W 
••Available with free-air radiator Rqja = 30° C/W 

• These transistors are also available in TO-5 packages 
in U.S.A., Canada, Latin America, and Far East 

CT-Complementary Type available 

2N6261 

V CE r<sus) = 85 V 
h FE = 25-100 
@ 1.5 A 

fy = 0.8 MHz min. 

Py = 50 W 

File No. 527 

2IM5293 

2N5294 

V CER (sus) = 75 v 
h FE = 30-120 

@0.5 A 

fy = 0.8 MHz min. 

CT 

File No. 322 
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HOMETAXIAL-BASE N-P-N POWER TYPES 
l c to 80 A . . . P T to 300 W . . . V CE to 1 70 V 


l c = 3 A max. 

P T = 25 W max. 
(TO-8) 

l c = 3 A max. 

Py = 50 W max. 
(TO-66)** 

l c = 3A max. 

P-j- = 36 W max. 
VERSAWATT 
(TO-220) 

l c = 4 A max. 

Py = 50 W max. 
VERSAWATT 
(TO-220) 

l c = 4 A max. 

Py = 50 W max. 
VERSAWATT 
(TO-220) 

l c = 7 A max. 

Py = 50 W max. 
VERSAWATT 
(TO-220) 

130 x 130* 

130 x 130 

130 x 130 

130 x 130 

130 x 130 

150 x 150 



Family Designation 



2N1486 

2N3441 

2IM6478 

2N6478 

2N6478 

2N5496 

2N1483 

Vppw = 60 V 
hp|= 20-60 

@ 750 mA 

2N6263 

Vp FR (sus) = 130 V 
h F | = 20-100 
@0.5 A 

fy = 1.2 MHz typ. 

P T = 20 W 

2N6477 

v CER (sus> = 130 v 
h FE = 25-100 

@ 1 A 

fj = 0.8 MHz min. 

RCA29/SDH 

v CEO = 40 V 
h FE = 40 min. 

@0.2 A 

f-j- = 0.8 MHz min. 
! c = 4 A 

Py = 36 W 

RCA31/SDH 

V CE0 = 40 v 
h FE = 25 min. 

@ 1 A 

fy = 0.8 MHz min. 

! c = 4 A 

Py = 36 W 

2N5491 

2N5490 

V CER (sus) = 50 v 
h FE = 20-100 

@ 2 A 

fy = 0.8 MHz min. 

File No. 137 

File No. 529 

File No. 680 

File No. 792 

File No. 793 

CT 

File No. 353 

2N1485 

V CE v = 60V 
h FE = 35-100 
@ 750 mA 

2N3441 

V CER (sus> = 150 V 
h FE = 25-100 

@0.5 A 

fy = 1.2 MHz typ. 

Py = 25 W 

2N6478 

V CER (sus) = 150 v 
h FE = 25-100 

@ 1 A 

fy = 0.8 MHz min. 

RCA29A/SDH 

v CEO = 60 v 
h FE = 40 min. 

@0.2 A 

fy = 0.8 MHz min. 
I c = 4 A 

Py = 36 W 

RCA31A/SDH 

V ceo = 60V 
h FE = 25 min. 

@ 1 A 

fy = 0.8 MHz min. 

I c = 4 A 

Py = 36 W 

2N5495 

2N5494 

V CER (sus) = 50 V 
h FE = 20-100 

@ 3 A 

fy = 0.8 MHz min. 

File No. 137 

CT 

File No. 529 

File No. 680 

File No. 792 

File No. 793 

CT 

File No. 353 

2N1484 

V CEV = 100 V 
h FE = 20-60 

@ 750 mA 

2N6264 

Vpp R (sus) = 170 V 
h FE = 20-60 
@ 1 A 

f T = 1.2 MHz typ. 

Py = 50 W 


RCA29B/SDH 

v CEO = 80 v 
h FE = 40 min. 

@0.2 A 

fy = 0.8 MHz min. 
I c = 4 A 

Py = 36 W 

RCA31B/SDH 

v ceo = 80 y 

h FE - 25 min. 

@ 1 A 

fy = 0.8 MHz min. 

! c = 4 A 

Py = 36 W 

2N5493 

2N5492 

Vppo(sus) = 65 V 
h FE = 20-100 
@2.5 A 

fy = 0.8 MHz min. 

File No. 137 

File No. 529 


File No. 792 

File No. 793 

CT 

File No. 353 

2N1486 

v CEV = 100 V 
h FE = 35-100 
@750 mA 



RCA29C/SDH 

v CEO = 100 v 
h FE = 40 min. 

@0.2 A 

'fy = 0.8 MHz min. 
I C =2.5A 

Py = 50 W 

RCA31C/SDH 

V CEO = 100 v 
hpE = 25 min. 

@ 1 A 

fy = 0.8 MHz min. 
T c = 2.5 A 

Py = 50 W 

2N5497 

2N5496 

Vcer(sus) = 80 V 
h FE = 20-100 
@3.5 A 

fy = 0.8 MHz min. 

File No. 137 



File No. 792 

File No. 793 

CT 

File No. 353 


* Pellet size— values shown are edge dimensions 
in thousands-of-an-inch (mils) 

•‘Available with free-air radiator Rqja = 30° C/W 
CT — Complementary Type available 
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HOMETAXIAL-BASE N-P-N POWER TYPES 
l c to 80 A . . . P T to 300 W . . . V CE to 170 V 


l c = 6 A max. 

P T = 75 W max. 
(TO-3) 

l c = 8 A max. 

P T = 83 W 
VERSA WATT 
(TO-220) 

l c = 10 A max. 

P T = 150 W 
(TO-36) 

l c = 15 A max. 
P T = 150 W max. 
(TO-3) 

l c = 16 A max. 

P T = 75 W max. 
VERSAWATT 
(TO-220) 

180 x 180* 

180 x 180 

180 x 180 

180 x 180 

180 x 180 

2N1490 

2N5037 

Family Designation 
2N2016 

2N3055 

2N6103 

2N1487 

V CEV = 60 V 
hp^ = 15-45 
@ 1.5 A 

2N5034 

v C E r(sus) = 45 V 
hp E = 20-80 

@4 A 

fy = 800 kHz min. 

I C = 6A 

2INI2015 

v CEO (sus) = 50 v 
hp E = 15-50 

@5 A 

RCS242 

V CER (sus) = 50 v 
hp E = 20 min. 

@3 A 

f-j- = 0.8 MHz min. 

P T = 115 W 

RCA41/SDH 

v CE 0 = 40V 

hp E = 30 min. 

@0.3 A 

fy = 0.8 MHz min. 
'c = 16 A 

File No. 139 

File No. 244 

File No. 12 

File No. 778 

File No. 794 

2N1489 

V CEV = 60V 
h pE = 25-75 
@ 1.5 A 

2N5035 

v Cer(sus) = 45 V 

hp E = 20-80 

@4 A 

f T = 800 kHz min. 

I C = 6A 

2N2016 

v CEO (sus) = 65 v 
hp E = 15-50 

@5 A 

2N6371 

v CEV (sus) = 50 v 
h FE = 15-60 

@8 A 

fj = 1 MHz typ. 

P T = 117 W 

RCA41A/SDH 

v C eo = 60V 

hp E — 30 min. 

@ 0.3 A 

fy = 0.8 MHz min. 
I C =10A 

File No. 139 

File No. 244 

File No. 12 

CT 

File No. 607 

File No. 794 

2N1488 

V CE V =100V 

h FE = 15-45 
@ 1.5 A 

2N5036 

V rPR (sus) = 60 V 

hp E = 20-80 

@5 A 

f-f- = 800 kHz min. 

I C = 8A 


2N6253 

VcerIsus) = 55 V 
hp E = 20-70 
@ 3 A 

fj = 0.8 MHz min. 
P T = 115 W 

RCA41B/SDH 

V CEO = 80V 
hp E = 30 min. 

@0.3 A 

fy = 0.8 MHz min. 

I c = 1° A 

File No. 139 

File No. 244 


File No. 524 

File No. 794 

2N1490 

V C EV =100V 
h pE = 25-75 
@ 1.5 A 

2N5037 

V rPR (sus) = 60 V 

hp|= 20-80 

@5 A 

fy = 800 kHz min. 

I C = 8A 


2N3055 

v Cer( sus > = 70 V 
h pE = 20-70 
@4 A 

fy = 0.8 MHz min. 
Py= 115W 


File No. 139 

File No. 244 


CT 

File No. 524 





2N6254 

Vc ER (sus) = 85 V 
hp E = 20-70 
@5 A 

fy = 0.8 MHz min 

Py = 150 W 


* Pellet size— values shown are edge dimensions 
in thousands-of-an-inch (mils) 

CT— Complementary Type available 


File No. 524 




HOMETAXIAL-BASE N-P-N POWER TYPES 
l c to 80 A . . .P T to300W . ■ • V CE to 170 V 


l c = 16 A max. 

P T = 75 W max. 
VERSAWATT 
(TO-220) 

l c = 10 A max. 

P T = 150 W max. 
(TO-3) 

l c = 30 A max. 

P-p = 250 W max. 
(TO-3) 

l c = 16 A max. 

Pj = 250 W max. 
(TO-3) 

l c = 80 A max. 

P T = 300 W max. 
(Modified TO-3) 

180 x 180* 

180 x 180 

250 x 250 

250 x 250 

380 x 380 

2N6103 

2N3442 

Family Designation 
2N3771 

2N3773 

2N5578 

2N6102 

2N6103 

V CE r(sus) = 4 5V 

h FE = 15-60 
@8 A 

f-p = 0.8 MHz min. 

I c = 16 A max. 

2N4347 

v CEV (sus > = 140 v 
h FE = 15-60 

@2 A 

f T = 0.8 MHz typ. 
P T = 100 W 

2N6257 

VqerUus) = 45 V 
h FE = 15-75 
@8 A 

fj = 0.6 MHz min. 
P T = 150 W 
l c - 20 A 

2N4348 

v CEV (sus) = 140 v 
h FE = 15-60 

@5 A 

fj = 0.7 MHz typ. 
P T = 120 W 
l c = 10A 

2N5575 

V CEO^ sus ^ = 50 v 
h FE = 10-40 

@60 A 

fj = 0.4 MHz min. 

File No. 485 

CT 

File No. 528 

File No. 525 

File No. 526 

File No. 359 

2N6098 

2N6099 

V CER (sus) = 65V 
h FE = 20-80 

@4 A 

f-p = 0.8 MHz min. 

I c = 10 A max. 

2N3442 

v CEV (sus) = 160 V 
h FE = 20-70 

@3 A 

f-p = 0.8 MHz typ. 
P T = 117 W 

2N3771 

V CER (sus) = 45 v 
h FE = 15-60 

@ 15 A 

f-p = 0.8 MHz min. 
P T = 1 50 W 
l c = 30A 

2N3773 

V CEV ( SUS > = 160 V 
h FE = 15-60 
@8 A 

f T = 0.7 MHz typ. 
P T = 150 W 
l c =16A 

2N5578 

v CEO (sus) " 70 V 
h FE = 10-40 

@40 A 

f-p = 0.4 MHz min. 

File No. 485 

File No. 528 

File No. 525 

File No. 526 

File No. 359 

2N6100 

2N6101 

V rFR (sus) = 75 V 
h FE = 20-80 
@5 A 

f-p = 0.8 MHz min. 

I c = 10 A max. 

2N6262 

v CEV (sus) = 170 V 
h FE 20-70 
@3 A 

f-p = 0.8 MHz min. 
P T = 150 W 

2N3772 

V CER {sus| = 70 V 
h FE = 15-60 

@ 10 A 

fj = 0.8 MHz min. 

P T = 150 W 

2N6259 

V CER (sus) = 160 V 
h FE = 15-60 
@8 A 

f-p = 0.6 MHz typ. 

P T = 250 W 
•c = 16 A 


File No. 485 

File No. 528 

CT 

File No. 525 

File No. 526 




2N6258 

Vq EF ^(sus) = 85 V 
h FE = 20-60 
@ 15 A 

fj = 0.6 MHz min. 

, P T = 250 W 
l c =30 A 

43104 

V C ex = 160V 

h FE = 15-60 
@8 A 

fj = 0.7 MHz typ. 

I c = 4 A 

P T = 150 W 




File No. 525 

File No. 622 



A Pellet size— values shown are edge dimensions 
in thousands-of-an-inch (mils) 


CT— Complementary Type available 



EPITAXIAL-BASE N-P-N and P-N-P TYPES 
l c to 15 A . . . P T to 200 W . . . V CE to 125 V 


l c = — 2 A max. 

l c = 2 A max. 

l c = — 2 A max. 

l c = 2 A max. 

l c = — 2 A max. 

l c = 2 A max. 

P-j- = 10 W max. 

P T = 10 W max. 

Pj = 10 W max. 

P T = 10 W max. 

P T = 10 W max. 

P T = 10 W max. 

RCP Plastic 

RCP Plastic 

RCP Plastic 

RCP Plastic 

RCP Plastic 

RCP Plastic 

42 x 42* 

42x42 

42x42 

42x42 

42x42 

42x42 



Family Designation 



RCP700 

RCP701 

RCP700 

RCP701 

RCP700 

RCP701 

[P-N-P] 

[N-P-N] 

[P-N-P] 

[N-P-N] 

[P-N-P] 

[N-P-N] 

RCP706 

RCP707 

RCP702A 

RCP703A 

RCP700A 

RCP701A 

v CEO (sus) = _30V 

v CEO (sus) = 30 v 

V r pQ(sus) = -40 V 

V rpn (sus) = 40 V 

V rpn (sus) = -40V 

V rpn (sus) = 40 V 

h FE = 20 min. 

hp E = 20 min. 

h FE = 30-150 

h pE = 30-150 

h pE = 50-250 

h FE = 50-250 

@ —500 mA 

@ 500 mA 

@ -500 mA 

@ 500 mA 

@ —500 mA 

@ 500 mA 

f-p = 50 MHz min. 

f-p = 50 MHz min. 

f j = 50 MHz min. 

fj = 50 MHz min. 

f-p = 50 MHz min. 

fj = 50 MHz min. 

CT 

CT 

CT 

CT 

CT 

CT 

File No. 821 

File No. 820 

File No. 821 

File No. 820 

File No. 821 

File No. 820 

RCP704 

RCP705 

RCP702B 

RCP703B 

RCP700B 

RCP701B 

v CEO (sus) = ~ 30 V 

V rpn (sus) - 30 V 

V^pQfsus) = —60 V 

V CEO (sus) = 60 v 

Vceo^ sus ) = ~80 V 

Vp E Q(sus) — 60 V 

hp E = 50 min. 

hp E = 50 min. 

h pE = 30-150 

h pE = 30-150 

h FE = 50-250 

h FE = 50-250 

@ —500 mA 

@ 500 mA 

@ —500 mA 

@ 500 mA 

@ —500 mA 

@ 500 mA 

f-p = 50 MHz min. 

f-p = 50 MHz min. 

fj = 50 MHz min. 

f j = 50 MHz min. 

fj = 50 MHz min. 

fj = 50 MHz min. 

CT 

CT 

CT 

CT 

CT 

CT 

File No. 821 

File No. 820 

File No. 821 

File No. 820 

File No. 821 

File No. 820 

RCP706B 

RCP707B 

RCP702C 

RCP703C 

RCP700C 

RCP701C 

Vq E q(sus) — —60 V 

v CEO (sus) = 60 v 

V CE0 (sus) = -80 V 

v CEO* sus * = 80 V 

v CEO (sus, = - 80 V 

v CEO (sus) = 80 V 

hp E = 20 min. 

hp E = 20 min. 

h FE = 30-150 

h FE = 30-150 

h FE = 50-250 

h FE = 50-250 

@ —500 mA 

@ 500 mA 

@ —500 mA 

@ 500 mA 

@ —500 mA 

@ 500 mA 

f-p = 50 MHz min. 

f-p = 50 MHz min. 

f-p = 50 MHz min. 

fj = 50 MHz min. 

f j = 50 MHz min. 

fj = 50 MHz min. 

CT 

CT 

CT 

CT 

CT 

CT 

File No. 821 

File No. 820 

File No. 821 

File No. 820 

File No. 821 

File No. 820 

RCP704B 

RCP705B 

RCP704D 

RCP703D 

RCP700D 

RCP701D 

Vq E q(sus) = — 60 V 

v CEO (sus) = 6 ° V 

v CEO (sus) = - 100 v 

v CEO (sus) = 100 V 

Vq E q(sus) = — 100 V 

v CEO (sus) = 100 V 

hp E = 50 min. 

hpp = 50 min. 

hp E = 30-150 

h pE = 30-150 

h FE = 50-250 

h FE = 50-250 

@ —500 mA 

@ 500 mA 

@ -500 mA 

@ 500 mA 

@ —500 mA 

@ 500 mA 

f-j- = 50 MHz min. 

fj = 50 MHz min. 

f j = 50 MHz min. 

f-p = 50 MHz min. 

f T = 50 MHz min. 

f j = 50 MHz min. 

CT 

CT 

CT 

CT 

CT 

CT 

File No. 821 

File No. 820 

File No. 821 

File No. 820 

File No. 821 

File No. 820 


A Pellet size— values shown are edge dimensions 
in thousands-of-an-inch (mils). 

CT— Complementary Type available 
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EPITAXIAL-BASE N-P-N and P-N-P POWER TYPES 
l c to 15 A . . . P T to 200 W . . . V CE to 125 V 


l c = —3.5 max. 
P T = 10 Wmax.. 
(TO-39)* 

90 x 90* 


I = 6 A max. 
P T = 40 W max. 
(TO-66)** 


l c = — 6 A max. 
P T = 40 W max. 


I c = 7 A max. 

P j = 40 W max. 
VERSAWATT 
(TO-220) 


l c = 7 A max. 
Pj = 40 W max. 
VERSAWATT 
(TO-220) 


Family Designation 

2N6372 2N5954 2N6292 

[N-P-N] I [P-N-P] I [N-P-N-] 


^(sus) = —45 V I Vpc R (sus) = 45 V 


@-1.6 A 

f T = 8 MHz min. 


CT 

File No. 413 


2N5782* 

Vppo(sus) = —65 

hp|= 20-100 

'@-1.2 A 
f-r = 8 MHz min. 


CT 

File No. 413 


@3 A 

f T = 4 MHz min. 


CT 

File No. 675 


CT 

File No. 675 


v CER (sus) = -80 V I V CER (sus) = 85 V 


np E = zu-iuu 
@ — 1 A 

f j = 8 MHz min. 


CT 

File No. 413 


@2 A 

f T = 4 MHz min. 


CT 

File No. 675 


A Pellet size— values shown are edge dimensions 
in thousands-of-an-inch Imils). 

•Available with 

a. flange for easy heat sinking Rqjc = 15° C/W 

b. free-air radiator Rqja = 40-50° C/W 
••Available with free-air radiator Rqja = 30° C/W 

• These transistors are also available in TO-5 packages 
in U.S.A., Canada, Latin America, and Far East. 

CT— Complementary Type available 


2N5956 

V CER (sus) = -45 V 
hp E = 20-100 
@ —3 A 

f j = 5 MHz min. 

2N6288 
2N6289 >, 

VcerI su s) = 40 V 
hp E = 30-150 
@3 A 

fj = 4 MHz min. 

CT 

File No. 675 

CT 

File No. 676 

2N5955 

V C erI sus ) = —85 V 

hp E = 20-100 

@ -2.5 A 

f-j- = 5 MHz min. 

2N6290 

2N6291 

VcerUus) = 60 V 
h pE = 30-150 
@2.5 A 

f j = 4 MHz min. 

CT 

File No. 675 

CT 

File No. 676 

2N5954 

Vpcp(sus) = —85 V 

hp E = 20-100 

@ — 2 A 

f-p = 5 MHz min. 

2N6292 

2N6293 

V rER (sus) = 80V 
hp E 5 30-150 
@ 2 A 

f j = 4 MHz min. 

CT 

File No. 675 

CT 

File No. 676 

2N6467 

V rFR (sus) = -105 V 

hp E 5 20-100 

@ -1 A 

f j = 5 MHz min. 

2N6473 

v CER (sus) “110V 
h FE = 30-150 
@ 1.5 A 

t j = 5 MHz typ. 

File No. 675 

CT 

File No. 676 

2N6468 

V r p R (sus) = -125 V 
hp £ = 20-100 
@ — 1 A 

f j = 5 MHz min. 

2N6474 

V CE r(sus) = 130 V 
h pE = 30-150 
@ 1 A 

f T = 5 MHz typ. 

File No. 675 

CT 

File No. 676 


41500 

V CEX = 35V 
hp E = 25 min. 

@ 1 A 

f T = 4 MHz min. 


CT 

File No. 772 
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EPITAXIAL-BASE N-P-N and P-N-P POWER TYPES 
l c to 15 A . . . P x to 200 W . . . V CE to 125 V 


l c = — 7 A max. 

Py = 40 W max. 
VERSAWATT 
(TO-220) 

l c = -7 A max. 

Py = 40 W max. 
VERSAWATT 
(TO-220) 

l c = 15 A max. 

P T = 125 W max. 
(TO-3) 

l c = —15 A max. 
P T = 125 W max. 
(TO-3) 

l c = 15 A max. 

Py = 75 W max. 
VERSAWATT 
(TO-220) 

l c = —15 A max. 

Py = 75 W max. 
VERSAWATT 
(TO-220) 

90 x 90* 

90x90 

150 x 150 

150 x 150 

150 x 150 

150 x 150 

2N6107 

[P-N-P] 

2N6107 

[P-N-P] 

Family D 
2N6472 
[N-P-N] 

esignation 

2N6248 

[P-N-P] 

2N6488 

[N-P-N] 

2N6491 

[P-N-P] 

41501 

v cer ( sus)s=-35V 

hpg = 25 min. 

■ @ — 1 A 

2N6110 

2N6111 

V C er<sus ) = - 4 °V 
h FE = 30-150 
@ —3 A 

f-j. = 10 MHz min. 

2N6470 

V CER (sus) = 45 V 
h FE = 20-100 

@ 5 A 

fy = 5 MHz typ. 

2N6469 

V C p R (sus) = -45 V 
h FE = 20-100 

5 A 

fy = 6 MHz min. 

2N6486 

V CER (sus) = 50V 
h FE = 30-150 

@6 A 

fy = 5 MHz typ. 

2N6489 

V CE r(sus) = -50V 
h FE = 30-150 
@— 6 A 

fy = 5 MHz typ. 

CT 

File No. 770 

CT 

File No. 676 

CT 

File No. 677 

CT 

File No. 677 

CT 

File No. 678 

CT 

File No. 678 


2N6108 

2N6109 

Vcer(s us ) = —60 V 
h FE = 30-150 
@ -2.5 A 
fy = 10 MHz min. 

2N6471 

V CER {sus) = 65 V 
h FE = 20-100 

@7 A 

fy = 5 MHz typ. 

2N6246 

V CER (sus) = -65 V 
h FE = 20-100 
• @ -7 A 
fy = 6 MHz min. 

2N6487 

V CE r(sus) = 70 V 
h FE = 30-150 
@5 A 

fy = 5 MHz typ. 

2N6490 

V CER (sus) = ~ 70V 
h FE = 30-150 

@ — 5 A 

fy = 5 MHz typ. 


CT 

File No. 676 

CT 

File No. 677 

CT 

File No. 677 

CT 

File No. 678 

CT 

File No. 678 


2N6106 

2N6107 

V CER (sus) = ~ 80V 
h FE = 30-150 

@ — 2 A 

fy = 10 MHz min. 

2N6472 

V CER (sus) = 85V 
h FE = 20-100 

@6 A 

fy = 5 MHz typ. 

2N6247 

V CER (sus) = _85V 
h FE = 20-100 

@— 6 A 

fy = 6 MHz min. 

2N6488 

V CE r(sus) = 9 °V 
h FE = 30-150 
@4 A 

fy = 5 MHz typ. 

2N6491 

V C er(sus) - -90 V 
h FE = 30-150 

4 A 

fy = 5 MHz typ. 


CT 

File No. 676 

CT 

File No. 677 

CT 

File No. 677 

CT 

File No. 678 

CT 

File No. 678 


2N6475 

V CER (sus) *-H°V 
h FE = 30-150 
@ — 1.5 A 
fy = 5 MHz typ. 


2N6248 

VcerIsus) = -105 V 
h FE = 20-100 

5 A 

fy = 6 MHz min. 




CT 

File No. 676 


File No. 677 




2N6476 

V CE R<s u s) = - 13 ° V 
h FE = 30-150 
@ — 1 A 

fy = 5 MHz typ. 






CT 

File No. 676 

A Pellet size— values shown are edge dimensions 
in thousands-of-an-inch (mils). 

CT— Complementary Type available 
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HIGH-VOLTAGE N-P-N and P-N-P POWER TYPES 
l c to 30 A . . . f T to 20 MHz ... . Py to 175 W 


l c = 1 50 mA max. 

P T = 6.25 W max. 
RCP Plastic 

l c = 150 mA max. 

Py = 6.25 W max. 
RCP Plastic 

l c = 150 mA max. 
Py = 6.25 W max. 
RCP Plastic 

l c = 1 A max. 

Py = 20 W max. 
(Plastic TO-5) 

l c = 1 A max. 

Py = 10W max. 
(TO-39)* 

32 x 32A 

32 x 32 

32x32 

32 x 32 

42x42 

RCP111 

[N-P-N] 

RCP111 

[N-P-N] 

Family Designation 
RCP111 
[N-P-N] 

2N6177 

[N-P-N] 

2N3439 

[N-P-N] 

RCP117 

v CEO (sus) = 100 V 
hp E = 20 min. 

@ 25 mA 

fy = 80 MHz typ. 

RCP113A 

V CEO* sus ^ = 200 v 
h FE = 30-150 

@ 25 mA 

fy = 80 MHz typ. 

RCP111A 

v CEO (sus) = 200 v 
h FE = 50-300 

@ 25 mA 

fy = 80 MHz typ. 

41505 

v CEO (sus) = 200 v 
hp E = 20 min. 

@ 50 mA 

2 N 3440° 

v Cer(sus) = 300 V 
h FE = 40-160 
@ 20 mA 
f T = 15 MHz min. 

File No. 822 

File No. 822 

File No. 822 

File No. 771 

File No. 64 

RCP115 

v CEO (sus) = 100 V 
h FE = 50 min. 

@ 25 mA 

fy = 80 MHz typ. 

File No. 822 

RCP113B 

Vq E q(sus) = 250 V 
hpp = 30-150 
@ 25 mA 
fy = 80 MHz typ. 

File No. 822 

RCP111B 

v CEO (sus) = 250 V 
hp E = 50-300 

@ 25 mA 

fy - 80 MHz typ. 

File No. 822 

2N6175 

40885n 

"Plastic 2N3440” 

V CER <sus) = 300 v 
h FE = 30-190 

@ 20 mA 

fy = 20 MHz min. 

CT 

File No. 508 

2N3439® 

V CE r(sus) = 40 ° V 
h FE = 40-160 
@ 20 mA 
fy = 15 MHz min. 

File No. 64 

RCP117B 

v CEO (sus) = 250 V 
hp E = 20 min. 

@ 25 mA 

fy = 80 MHz typ. 

RCP113C 

Vq E q(sus) : 300 V 
h FE = 30-150 
@ 25 mA 
fy = 80 MHz typ. 

RCP111C 

v CEO (sus) = 300 V 
hp E = 50-300 

@ 25 mA 

fy = 80 MHz typ. 

2N6176 

40886b 

v Cer(sus) = 350 V 
h FE = 30-150 
@ 20 mA 
fy = 20 MHz min. 


File No. 822 

File No. 822 

File No. 822 

CT 

File No. 508 


RCP115B 

v CEO (sus) = 250V 
hpE = 50 min. 

@ 25 mA 

fy = 80 MHz typ. 

File No. 822 

RCP113D 

v CEO (sus) = 350 V 
hp E = 30-150 

@ 25 mA 

fy = 80 MHz typ. 

File No. 822 

RCP111D 

v CEO (sus) = 350 V 
hp E = 50-300 

@ 25 mA 

fy = 80 MHz typ. 

File No. 822 

2N6177 

40887b 

"Plastic 2N3439" 

V CER ,sus) = 400 V 
h FE = 30-150 

@ 50 mA 

fy = 20 MHz min. 

CT 

File No. 508 



A Pellet size— values shown are edge dimensions 
in thousands-of-an-inch (mils). 

'Available with 

a. flange for easy heat sinking Rfljc = 15° C/W 

b. free-air radiator Rqja = 45° C/W 
■Type with a factory-attached heat clip 

• These transistors are also available in TO-5 packages 
in U.S.A., Canada, Latin America, and Far East 

CT— Complementary Type available 



HIGH-VOLTAGE N-P-N and P-N-P POWER TYPES 
l c to 30 A . . . f T to 20 MHz . . . P T to 1 75 W 


l c = — 1 A max. 

l c = 5 A max. 

l c = — 5 A max. 

l c = -2 A max. 

l c = 10 A peak 

P T = 10 W max. 

P T = 35 W max. 

P T = 35 W max. 

P j = 20 W max. 

Pj = 45 W max. 

(TO-39)* 

(TO-66)** 

(TO-66)** 

(TO-66)** 

(TO-66)** 

42 x 42A 

103 x 103 

124 x 124 

124 x 124 

130 x 130 



Family Designation 



2N5415 

2N3585 

2N6213 

2N6213 

2N6079 

[P-N-P] 

[N-P-N] 

[P-N-P] 

[P-N-P] 

[N-P-N] 

RCS880 

2N3583 

2N6211 

RCS560 

2N6078 

V rFn (sus) = -150V 

v CER (sus) = 250 v 

V CER (sus, = _250 V 

v Cer(sus) = -225V 

V rpR (sus) = 275 V 

hp E = 20-150 

hp E = 40 min. 

hp E = 10-100 

hp E - 7.5 min. 

hp E = 12-70 

@ —50 mA 

@100 mA 

@ -1 A 

@ -0.75 A 

@ 1.2 A 

P T = 7.5 W 

hp E = 10 min. 

f-p = 20 MHz min. 

f-p = 20 MHz min. 

t r = 0.3 /is typ. 


@ 1 A 



t f = 0.3 fJLs typ. 


f-p =15 MHz min. 






CT 



File No. 777 

File No. 138 

File No. 507 

File No. 782 

File No. 492 

2N5415 

2N3584 

2N6212 

RCS559 

2N6077 

v CEO (sus) = _200 V 

V CER (sus) = 300V 

V CER <sus) = ~ 325 V 

Vp FR (sus) = —250 V 

V CER (sus) = 300 V 

h FE = 30-150 

hp E = 40 min. 

hp E = 10-100 

h FE = 10-100 

hp E = 12-70 

@ —50 mA 

@100 mA 

@ — 1 A 

@ -0.75 A 

@ 1.2 A 

fj = 1 5 MHz min. 

hp E = 25-100 

f T = 20 MHz min. 

f-p = 20 MHz min. 

t r = 0.3 JUs typ. 

R t = 10 w 

@ 1 A 



t f = 0.3 JUs typ. 


f T = 15 MHz min. 




CT 

CT 

CT 


CT 

File No. 336 

File No. 138 

File No. 507 

File No. 782 

File No. 492 

RCS881 

2N3585 

2N6213 


2N6079 

v CEO (sus> = -25 ° V 

V CER (sus) = 400V 

VcerIsus) = -375 V 


V CER (sus) = 375 V 

hp E = 20 min. 

hp E = 40 min. 

hp E = 10-100 


h pE = 12-50 

@ —35 mA 

@100 mA 

@ — 1 A 


@ 1.2 A 

f j = 1 5 MHz min. 

h FE = 25-100 

f-p = 20 MHz min. 


t r = 0.3 /is typ. 

P T = 7.5 W 

@ 1 A 



t f = 0.3 JUs typ. 


f T = 15 MHz min. 





CT 




File No. 780 

File No. 138 

File No. 507 


File No. 492 

RCS882 

2N4240 

2N6214 


40851 

V C er(sus) = -350 V 

V CER (sus) = 400 V 

V CE r(sus) = - 42 5V 


VcerIsus) = 375 V 

hp E = 20 min. 

hp E = 40 min. 

hp E = 10-100 


hp E = 12 min. 

@ —35 mA 

@ 1 00 mA 

@ -1 A 


@ 1 .2 A 

f j = 1 5 MHz min. 

h FE = 30-150 

f-p = 20 MHz min. 


t f = 0.3 JUs typ. 

P T » 7.5 W 

@ 750 mA 



tf = 0.3 JUs typ. 


f-p = 15 MHz min. 




File No. 781 

File No. 138 

File No. 507 


File No. 498 

2N5416 

40850 




V CER (sus) = - 350 v 

V CER (sus) = 400 V 




hp E = 30-120 
@ —50 mA 

hp E = 25 min. 

@ 750 mA 

^Pellet size— values shown are edge dimensions 

f T = 15 MHz min. 

f-p = 15 MHz min. 

in thousands-of-an-inch (mils). 


P T = 10W 


•Available with 





a. flange for easy heat sinking Rqjc = 15° CAW 



b. free-air radiator Rg ja = 45° C/W 


GT 

File No. 336 

File No. 498 

** Available with free-air radiator R0 ja 30 

C/W 



CT— Complementary Type available 




HIGH-VOLTAGE N-P-N and P-N-P POWER TYPES 
l c to 30 A . . . f T to 20 MHz . . . Py to 175 W 


l c = 10 A peak 

l c = 5 A max. 

l c = 7 A max. 

l c = 15 A peak 

l c = 30 A peak 

P T = 125 W max. 

P T = 100 W max. 

P T = 125 W max. 

P T = 110 W max. 

Py = 175 W max. 

(TO-3) 

(TO-3) 

(TO-3) 

(TO-3) 

(TO-3) 

mmmmm 

Switching 

Linear 



Switching 

130 x 130* 

130 x 130 

130 x 130 

180 x 180 

210 x 210 

260 x 260 



Family Designation 



2N5840 

2N5840 

2N5240 

2N6510 

2N5804 

2N6252 

[N-P-N] 

[N-P-N] 

[N-P-N] 

[N-P-N] 

[N-P-N] 

[N-P-N] 

RCA 410# 

41506 

2N5239 

2N6510 

2N5804 

2N6249 

v CEO (sus) = 200 V 

v CEO (sus) = 200 v 

v cer ( sus) = 250 v 

v CER <sus) = 250 v 

V C er(sus) = 30 ° V 

V CER (sus) = 225V 

hpg = 30-90 

h FE = 8 min. 

h FE = 20 min. 

h FE = 10 min. 

h FE = 25-250 

h FE = 10-50 

@ 1 A 

@2 A 

@2 A 

@3 A 

@0.5 A 

@ 10 A 

t r = 0.35 fds typ. 


h FE = 20-80 

f y = 3 MHz min. 

h FE = 10-100 

t r = 0.8 As typ. 

t f = 0.1 5 /is typ. 


@0.4 A 


@5 A 

tf = 0.5 As typ. 



f T = 5 MHz min. 


t r = 0.4 As typ. 
t f = 1 .2 As typ. 


File No. 509 

File No. 776 

File No. 321 

File No. 848 

File No. 407 

File No. 523 

RCA 411# 

2N5838 

2N5240 

2N6511 

2N5805 

RCS564 

v CEO (sus) = 300 V 

V CER (sus) = 275 V 

VppR(sus) = 350 V 

V CER (sus) = 300V 

V rFR (sus) = 375 V 

V CE r(sus) = 225 V 

h pE = 30-90 

h FE = 20 min. 

h FE = 20 min. 

hpE = 1° min. 

h F£ = 25-250 

h FE = 5 min. 

@ 1 A 

@0.5 A 

@2 A 

@4 A 

@0.5 A 

@ 10 A 

t r = 0.35 jUs typ. 

h FE = 8-40 

h pE = 20-80 

f y = 3 MHz min. 

h FE = 10-100 

t f = 0.8 As typ. 

t f = 0.15 /Is typ. 

@3 A 

@0.4 A 


@5 A 

t f = 1 /is typ. 


t r = 0.8 jUs typ. 

f j = 5 MHz min. 


t r = 0.4 As typ. 



tf = 0.4 jUs typ. 



t f = 1.2 As typ. 


File No. 510 

File No. 410 

File No. 321 

File No. 848 

File No. 407 

File No. 782 

RCA 413# 

2N5839 


2N6512 

40853 

2N6250 

V rFn (sus) = 325 V 

V CER (sus) = 300 v 


v CER (sus) = 350V 

V CER (sus) = 375 V 

V CER (sus) = 300 V 

h FE = 20-80 

h FE = 20 min. 


hpE = 10 min. 

h FE = 10 min. 

h pE = 8-50 

@0.5 A 

@0.5 A 


@4 A 

@ 5 A 

@ 10 A 

t f = 0.35 JJs typ. 

h FE = 10-50 


fy = 3 MHz min. 

t r = 0.4 /is typ. 

t r = 0.8 As typ. 

tf = 0. 1 5 /Xs typ. 

@2 A 

t f = 0.6 /is typ. 
t f = 0.35 /is typ. 


File No. 848 

t f = 1.2 As typ. 

tf = 0.5 As typ. 

File No. 511 

File No. 410 


File No. 498 

File No. 523 

RCA 423# 

2N5840 


2N6514 


2N6251 

v CEO (sus) = 325 V 

V CER (sus) = 375 V 


v Cer<sus) = 35 ° V 


V CE r(sus) = 375 V 

h pE = 30-90 

h FE = 20 min. 


h FE = 10 min. 


h pE = 6-50 

@ 1 A 

@0.5 A 


@5 A 


@ 10 A 

t r = 0.35 /is typ. 

h FE = 10-50 


fy = MHz min. 


t r = 0.8 A s typ. 

tf = 0.1 5 /Is typ. 

@2 A 




tf = 0.5 /is typ. 


t r = 0.6 As typ. 





File No. 512 

tf = 0.35 As typ. 

File No. 410 


File No. 848 


File No. 523 

RCA 431# 

40852 


2N6513 


40854 

v CEO (sus) = 325 V 

V C er(sus) = 37 5V 


Vcer( sus ) = 400 V 


VcerIsus) = 325 V 

h pE = 15-35 

h FE = 12 min. 


h FE = 10 min. 


h FE = 8 min. 

@2.5 A 

@ 1.2 A 


@ 4 A 


@ 10 A 

t r = 0.35 /is typ. 

t r = 0.5 As typ. 


fy = 3 MH2 min. 


t f = 0.8 As typ. 

tf = 0.1 5 JJs typ. 

tf = 0.35 As typ. 




tf = 0.5 /is typ. 

File No. 513 

File No. 498 


File No. 848 


File No. 498 


A Pellet size— values shown are edge dimensions 
in thousands-of-an-inch (mils). 


#For new equipment design only— not recommended 
for retrofit. 
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HIGH-SPEED SWITCHING N-P-N and P-N-P POWER TYPES 
f T to 250 MHz ... I c to 60 A ... P T to 140 W 


l c = 1 A max. 

1- = -r-1 A max. 

l c = 2 A max. 

l c = 2 A max. 

l c = — 2 A max. 

l c = 2 A max. 

P T = 5 W max. 

P T = 7 W max. 

P j = 5 W max. 

P j = 10 W max. 

P T = 10 W max. 

P T = 25 W max. 

(TO-39)* 

(TO-39)* 

(Lo Profile TO-39) 

(TO-39)* 

(TO-39)* 

(Plastic TO-5) 

30 x 30* 

30x30 

32x32 

42x42 

42x42 

42x42 



Family Designation 



2N2102 

2N4036 

2N5262 

2N5320 

2N5322 

2N6179 

[N-P-N] 

[P-N-P] 

[N-P-N] 

[N-P-N] 

[P-N-P] 

[N-P-N] 

41502 

41503 

2N5189 

2N5321* 

2N5323* 

2N6179 

v CEO (sus) = 30 V 

V C EO (sus) = ~ 30 V 

v CEO (sus) = 35 v 

V CE r( s us) = 65 V 

V rPR (sus) = —65 V 

"Plastic 2N5321 " 

h FE = 20 min. 

h FE = 20 min. 

h FE = 15 min. 

h FE = 40-250 

h FE = 40-250 

v CER {sus) = 65 v 

@150 mA 

@ —150 mA 

@ 1 A 

@ 500 mA 

@ —500 mA 

h FE = 40-250 

P T = 3 W 


f T = 250 MHz min. 

f-j- = 50 MHz min. 

f T = 50 MHz min. 

@ 500 mA 



t Qn = 40 ns max. 

t Qn = 80 ns max. 


f j = 50 MHz min. 



t Q ff = 70 ns max. 

t Q ff = 800 ns max. 


t Qn = 80 ns max. 






t Q ff = 800 ns max. 

CT 

CT 


CT 

CT 

CT 

File No. 773 

File No. 774 

File No. 296 

File No. 325 

File No. 325 

File No. 562 

2N3053* 

2N4037* 

2N5262 

2N5320* 

2N5322* 

2N6178 

Vpp R (sus) = 50 V 

V CER (sus) = ~ 60V 

v CEO (sus) = 50 v 

V rPR (sus) = 90 V 

Vq FR (sus) = — 90 V 

"Plastic 2N5320" 

h FE = 50-250 

h FE = 50-250 

h FE = 25 min. 

h FE = 30-130 

h FE = 30-130 

Vcer(sus) = 90 V 

@150 mA 

@ —150 mA 

@ 1 A 

@ 500 mA 

@ —500 mA 

h FE = 30-130 

fy = 100 MHz min. 

f T = 60 MHz min. 

f j = 250 MHz min. 

f j = 50 MHz min. 

h FE = 10 min. 

@ 500 mA 

P T = 5 W 


t Qn = 30 ns max. 

t Qn = 80 ns max. 

@-1 A 

fj = 50 MHz min. 



t Q ff = 60 ns max. 

t Q ff = 800 ns max. 

fj = 50 MHz min. 

t Qn = 80 ns. max. 






t Q ff = 800 ns. max. 

CT 

CT 


CT 

CT 

CT 

File No. 432 

File No. 216 

File No. 313 

File No. 325 

File No. 325 

File No. 562 

2N2102* 

2N4036* 





V CE r(su s ) = 8 °V 

V cer (sus) = -85V 





h FE = 40-120 

h FE = 40-140 





@150 m A 

@ -150 mA 





f T = 120 MHz min. 

fj = 60 MHz min. 





P T = 5W 






CT 

CT 





File No. 106 

File No. 216 






2N4314* 






V CER (sus) = -85 V 

Pellet size— values shown are edge dimensions 



h FE = 50-250 

in thousands-of-an-inch (mils). 




@ -150 mA 

‘Available with 





f-|- = 60 MHz min. 

a. flange for easy heat sinking Rg jc =15° C/W 




b. free-air radiator RgjA = 50° C/W 





•These transistors are also available 




File No. 216 

in TO-5 packages in U.S.A., Canada, Latin 




America, and Far East 





CT— Complementary Type available 
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HIGH-SPEED SWITCHING N-P-N and P-N-P POWER TYPES 
f T to 250 MHz ... I c to 60 A ... P T to 140 W 



l c = 7 A max. 

P T = 35 W max. 
(TO-66)** 

l c = 15 A max. 

Py = 85 W max. 
(Radial) 

l c = 20 A max. 

Py = 140 W max. 
(TO-3) 

l c = 25 A max. 

Py = 125 W max. 
(TO-63) 

l c = 30 A max. 
Py= 140 W max. 
(TO-3) 

l c = 60 A max. 

Py = 140 W max. 
(Modified TO-3) 

42 x 42A 

103 x 103 

155 x 155 

146 x 183 

215 x 222 

220 x 220 

220 x 220 
[2 CHIPS] 

2N6181 

[P-N-P] 

2N3879 

[N-P-N] 

2N6480 

[N-P-N] 

Family Designation 
2N5038 
[N-P-N] 

2N3263 

[N-P-N] 

2N5671 

[N-P-N] 

2N6033 

[N-P-N] 

2N6181 

"Plastic 2N5323" 

V CER (sus) = _65V 
h FE = 40-250 

@ -500 mA 
fy = 50 MHz min. 

CT 

File No. 562 

2N3878* 

V CER (sus) = 60 V 
hp E = 20 min. 

@4 A 

h FE = 50-200 
@ 0.5 A 

fy = 60 MHz min. 
t r = 400 ns max. 
tf = 400 ns max. 

I_ = 7 A 

File No. 766 

2N6479 

(Isolated Collector) 

2N6481 

(Non-lsolated Coll.) 
V CE r(sus) = 80 V 
h FE = 20 min. 

@ 12 A 

fy = 100 MHz typ. 
Radiation Hard 

File No. 702 

2N5039 

V CER (sus) = 95 V 
hp E = 20 min. 

@ 10 A 
h FE = 30-150 
@2 A 

fy = 60 MHz min. 
t on = 0.5 Us max. 
t off = 2 Us max. 

File No. 698 

2N3266 

2N3264- 

V CER (sus) = 80 V 
h FE = 20-80 
@ 15 A 

fy = 20 MHz min. 
t on = 0.5Aismax. 

‘off = 2 * js max - 

File No. 54 

2N5671 

V CER (sus) = 110 V 
hp E = 20 min. 

@20 A 
h FE = 20-100 
@ 15 A 

fy = 50 MHz min. 
t on = 0.5 JUs max. 

‘ 0 ff = 2 JUsma x . 

File No. 383 

2N6032 

V rFR (sus) = 110 V 
h F | = 10-50 
@50 A 

fy = 50 MHz min. 
t r = 1 jus max. 
tf = 0.5jUs max. 

File No. 462 

2N6180 

"Plastic 2N5322" 
V CER (sus) = -90 V 
h FE = 30-130 
@ -500 mA 
.hpE = 10 min. 

@ — 1 A 

fy = 50 MHz min. 

CT 

File No. 562 

2N3879 

V CER (sus) = 90V 
hp E = 40 min. 

@0.4 A 

hp E = 20-80 

@4 A 

fy = 60 MHz min. 
t r = 400 ns max. 
tj =400 ns max. 

I c = 7 A 

File No. 766 

2N6480 

(Isolated Collector) 

2N6482 

(Non-lsolated Coll.) 

v CER ,sus) = 80V 
h FE = 20min. 

@ 12 A 

fy = 100 MHz typ. 
Radiation Hard 

File No. 702 

2N5038 

v CER (sus * = 110 V 
h FE = 20 min. 

@ 12 A 
h FE = 50-200 
@2 A 

fy = 60 MHz min. 
t on = 0.5 Us max. 

‘off = 2 & max - 

File No. 698 

2N3265 

2N3263* 

Vq ER (sus) = 1 1 0 V 
h FE = 25-75 
@15 A 

fy = 20 MHz min. 
t on = 0.5 JUs max. 

‘off = max. 

File No. 54 

2N5672 

V C er<sus> = 140 V 
h FE = 20 min. 

@20 A 
h FE = 20-100 
@ 15 A 

fy = 50 MHz min. 

‘on ~ 0-5 A& max. 

‘off = 2 Us max. 

File No. 383 

2N6033 

V CER (sus) = MOV 
h F£ = 10-50 
@40 A 

fy = 50 MHz min. 
t r = 1 JUs max. 
tf = 0.5 JUs max. 

File No. 462 


2N5202 

Vpp R (sus) = 75 V 
h FE = 10-100 
@4 A 

fj = 60 MHz min. 
t f = 400 ns max. 
t f = 400 ns max. 

I c = 4 A 

File No. 766 


2N6496 

V CE r(sus) = 130 V 
h FE = 12-100 
@8 A 

fy = 60 MHz min. 
t f = 0.5 Us max. 
t s = 1.5 Us max. 
t f = 0.5 JUs max. 

File No. 698 

* Pellet size— values shown are edge dimensions 
in thousands-of-an-inch (mils). 

* 'Available with free-air radiator RfljA = 30° C/W 
+ Also available with heat radiator (40375). 

■ Flat radial lead version 

CT— Complementary Type available 


2N6500 

V CE r(susI = 110-V 
h FE = 15-60 
@3 A 

fj = 60 MHz min. 
t f = 400 ns max. 
tf = 500 ns max. 

I c = 4 A 

File No. 766 


2N6354 

V CER ,SUS,= 130 v 
h FE = 20-150 

@5 A 

h FE = 10-100 
@ 10 A 

fy = 80 MHz min. 
t f = 0.3 JUs max. 
tf = 0.2 JUs max. 

I c = 12 A peak 

File No. 582 
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TYPES FOR AUDIO-FREQUENCY LINEAR AMPLIFIERS 


Power 
Output 
(8 12 Imped.) 

Bull. 

File No. 

Circuit 

No. 

Out; 

Transi 

N-P-N 

>ut 

stors 

P-N-P 

Class E 
Tran 
N-P-N 

— 

Driver 

iistors 

P-N-P 

v iir- 

12 W 

642 

A012B 

(True-Comp.) 

RCA1C10 

(2N6292) 

RCA1C11 

(2N6107) 

- 

- 

- 

642 

A012D 
(1C Driving 
True Comp.) 

RCA1C10 

(2N6292) 

RCA1C11 

(2N6107) 

- 

- 

- 

25 W 

643 

A025C 

(Quasi-Comp.) 

RCA1C14 

[2] 

(2N5496) 

- 

RCA1A06 

(2N2102) 

RCA1A05 

(2N4036) 

- 

644 

A025B 

(Full-Comp.) 

RCA1C05 

(2N6292) 

RCA1C06 

(2N6107) 

RCA1A06 

(2N2102) 

RCA1A05 

(2N4036) 

- 

40 W 

645 

A040C 

(Quasi-Comp.) 

RCA1C09 

[2] 

(2N6103) 

- 

RCA1A06 

(2N2102) 

RCA1A05 

(2N4036) 

- 

646 

A040B 

(Full-Comp.) 

RCA1C07 

(2N6488) 

RCA1C08 
(2N6491 ) 

RCA1A06 

(2N2102) 

RCA1A05 

(2N4036) 

- 

791 

A040D 

(Full-Comp. 

Darlington 

Output) 

RCA1B07 

(2N6385) 

RCA1B08 

(TA8925) 

- 

- 

RCA1A18 

(2N2102) 

70 W 

647 

A070A 
(Quasi-Comp. 
Horn. Output) 

RCA1B01 

[2] 

(2N3055) 

- 

RCA1A03 

(2N5320) 

RCA1A04 

(2N5322) 

- 

648 

A070C 

(Quasi-Comp.) 

RCA1B06 

[2] 

(2N5840) 

- 

RCA1C03 

(2N6474) 

RCA1A04 1 
(2N6476) 

RCA1A18 

(2N2102) 

120 W 

649 

A120C 
(Quasi-Comp. 
Parallel Output) 

RCA1B04 

[4] 

(2N5240) 

- 

RCA1C12 

(2N6474) 

RCA1C13 

(2N6476) 

RCA1A18 

(2N2102) 

200 W 

650 

A200C 
(Quasi-Comp. 
Parallel Output) 

RCA1B05 

[6] 

(2N5240) 



RCA1B05 

[2] 

(2N5240) 

- 

RCA1A18 

(2N2102) 


Numbers in brackets indicate number of devices used in the stage. 

Type numbers in parentheses indicate the transistor-family designation. 


Typical Power Output for 4 12 and 16 £2 Load for AF Linear Amplifiers 


Amplifier 

Circuit No. 

A012B 

A012D 

A025A 


A040A 

A040B 

A040D 

A070A 

A070C 

A120C 

A200C 

Impedance — 12 
(Load) 

4 

16 

4 

16 

4 

16 

4 

16 

4 

16 

4 

16 

4 

8 

4 

16 

4 

16 

4 

16 

4 

16 

Typical Power 
Output — W 

12* 

6.5 

9* 

6.5 

45 

16 

45 

16 

55 

25 

75 

25 

40 

30 

100 

40 

100 

50 

180 

80 

300 

130 


•Power output limited by driver-circuit capability. 


24 





TYPES FOR AUDIO-FREQUENCY LINEAR AMPLIFIERS 


Class B P 
Trans 
N-P-N 

re-Driver 

stors 

P-N-P 

Protectio 

N-P-N 

n Circuit 
P-N-P 

Class A 
Tran 
N-P-N 

’re-Driver 

sistors 

P-N-P 

Input 

Devices 

- 

- 

- 

- 


RCA1A08 

(2N4036) 

RCA1A07 

[2] 

(2N2102) 

- 

~ 

~ 

- 

- 

- 

CA3094AT 

- 

- 1 

RCA1A18 

(2N2102) 

RCA1A19 

(2N4036) 

RCA1A01 

(2N2102) 

- 

RCA1A02 

[2] 

(2N4036) 

- 

- 

RCA1A18 

(2N2102) 

RCA1A19 

(2N4036) 

RCA1A01 

(2N2102) 

- 

RCA1A02 

[21 

(2N4036) 

- 

- 

RCA1A18 

(2N2102) 

RCA1A19 

(2N4036) 

RCA1A01 

(2N2102) 

- 

RCA1A02 

[2J 

(2N4036) 

- 

- 

RCA1A18 

(2N2102) 

RCA1A19 

(2N4036) 

RCA1A01 

(2N2102) 

- 

RCA1A02 

[2] 

(2N4036) 

- 

- 

RCA1A18 

I2N2102) 

RCA1A19 

(2N4036) 

RCA1A15 

[21 

(2N3440) 

RCA1A16 

[2] 

(2N5416) 

RCA1A17 

[2] 

(2N2102) 

- 

- 

RCA1A18 

(2N2102) 

RCA1A19 

(2N4036) 

RCA1A17 

(2N2102) 

- 

RCA1A02 

[2] 

(2N4036) 

- 

- 

RCA1A18 

(2N2102) 

RCA1A19 

(2N4036) 

RCA1 A15® 
[2] 

(2N3439) 

RCA1A16 

[2] 

(2N5415) 

RCA1A17 

[2] 

(2N2102) 

- 

- 

RCA1A18 

(2N2102) 

RCA1A19 

(2N4036) 

RCA1 A09* 
[2] 

(2N3439) 

RCA1A10 

[21 

(2N5415) 

RCA1A11 

[2] 

(2N3439) 

RCA1E02 

(1N3585) 

RCA1E03 

(2N6211) 

RCA1A18 

(2N2102) 

RCA1A19 

(2N4036) 

RCA1A09" 

[2] 

(2N3439) 

RCA1A10 

[2] 

(2N5415) 

RCA1A11 

[2] 

(2N3439) 


■ Current Source 


Other applications for the types above. . . 

Audio Power Amplifiers— Linear Modulators— Servo Amplifiers— Operational Amplifiers 
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File No. 16 



Solid State 
Division 


Power Transistors 
2N697 



Silicon N-P-N 
Planar Transistor 

For High-Speed Switching Service in 
Electronic Data-Processing Systems 


Features: 

■ Characteristics stabilized by 
prolonged baking at 300°C 

■ Typical pulse beta = 75 

■ Low saturation voltages 


These devices are available with either V/z- 
inch leads (TO-5 package) or /z- inch leads 
(TO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num- 
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 


RCA-2N697 is a silicon n-p-n transistor designed for use in 
high-speed-switching applications in military and industrial 
data-processing equipment. 

This transistor is especially designed and processed to assure 
stability of characteristics and reliable performance under 
conditions of severe thermal and mechanical stress, and 
other environmental hazards. 




CASE TEMPERATURE, MEASURED 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

CO LLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

With external base -to -emitter resistance (RgE) ^10 ^ 

EM ITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

At free-air temperatures up to 25°C 

At free-air temperatures above 25°C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

LEAD TEMPERATURE (During soldering): 

At distance > 1/16 in. (1.58 mm) from seating plane for 10 s max. 


92CS-I II6IRI 

Fig. 1 — Current derating chart. 


v CBO 

60 

V 

V CER 

50 

V 

v EBO 

5 

V 

>c 

0.5 

A 

p T 

2 

W 


See Fig. 1 

0.6 

W 


See Fig. 1 

-65 to +175 

°C 


255 

°C 
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File No. 16 2N697 


ELECTRICAL CHARACTERISTICS, At Ambient Temperature (T^J = 25°C, Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

n TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

V dc 

CURRENT 

mA dc 

WM 

vm 

wm 

wm 

wm 


WBH 



'CBO 

30 



0 



0.01 

1 

pA 

At T a = 150°C 

30 




0 


- 

1 

mo 

DC Forward-Current 

Transfer Ratio 

h FE 








120 



V (BR)CBO 







75 

- 

V 

Emitter-to-Base 

Breakdown Voltage 

V (BR)EBO 






B 

m 

- 

V 

Collector-to-Emitter 

Voltage: 

With External Base-to- 
Emitter Resistance 
(R be ) = 1012 

V CER 



100 a 



50 

60 

1 

V 

Co 1 1 ecto r-to- Em i tte r 

Saturation Voltage 




150 b 



B 


1.5 

V 

Base-to-Emitter 

Saturation Voltage 




m 


15 


■ 


V 

Small-Signal Forward- 
Current Transfer Ratio: 
f = 20 MHz 

h fe 


10 

i 


■ 

5 

B 

B 

■ 

Output Capacitance 

C ob 

■a 



0 


- 

20 

35 

pF 


f T 






- 

100 

- 

MHz 


a Pulsed to prevent excessive heating of collector junction. 
^Pulsed: Pulse duration < 12ms; duty factor < 2%. 


c Frequency at which h^ e = 1 . 


TERMINAL CONNECTIONS 

Lead 1 — Emitter 

Lead 2 - Base 

Lead 3 - Collector, Case 
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File No. 22 



Solid State 
Division 


Power Transistors 
2N699 



Silicon N-P-N 
Planar Transistor 

General-Purpose Type for Small-Signal, 
Medium-Power Applications 

Features: 

■ Minimum gain-bandwidth product = 50 MHz 

■ High breakdown voltage 

■ Planar construction for low-noise 
and low-leakage characteristics 

■ Low output capacitance 


These devices are available with either VA- 
inch leads (TO-5 package) or Vi-inch leads 
(TO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num- 
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 


RCA-2N699 is a silicon n-p-n planar transistor intended for a 
wide variety of small-signal and medium-power applications in 
military and industrial equipment. The 2N699 features a 
minimum gain-bandwidth product of 50 MHz making it well 


suited for vhf and video applications. 

The junction design of the 2N699 makes possible higher 
breakdown-voltage ratings, lower saturation voltages, higher 
sustaining voltages, and lower output capacitance. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE; 

With external base-to-emitter resistance (Rg^) ^10 £2 . 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

At free-air temperatures up to 25°C 

At free-air temperatures above 25°C 

TEMPERATURE RANGE: 

Storage 

Operating (Junction) 

LEAD TEMPERATURE (During soldering): 

At distance 13*1/1 6 in. (1.58 mm) from seating plane for 10 s max. 


^CBO 

120 

V 

V CER 

80 

V 

V EBO 

5 

V 

'c 

1 

A 

P T 

2 

W 


See Fig.1 



0.6 

W 


See Fig.1 



-65 to +200 

°C 


175 

°C 


230 

°C 


TERMINAL CONNECTIONS 

Lead 1 — Emitter 

Lead 2 — Base 

Lead 3 — Collector, Case 
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File No. 22 


2N699 


ELECTRICAL CHARACTERISTICS, At Case Temperature ( T Q ) = 25°C 




TEST CONDITIONS 




CHARACTERISTIC 

SYMBOL 

DC VOLTAGE 

V 

DC CURRENT 

mA 

LIMITS 




ESI 

EBl 

BBS 

El 

na 

El 




Collector-Cutoff Current 

'CBO 

on 




0 


- 

0.05 

ma 

Emitter-Cutoff Current 

•ebo 



5 

0 



- 

0.05 

HBS 

Collector-to-Base Breakdown Voltage 

V (BR)CB0 





0 


mu 

- 

V 

DC Forward-Cur/ent Transfer Ratio 

h FE 


El 


150 a 



El 

120 


Collector-to-Emitter Sustaining Voltage: 


■1 

■ 

■ 


■ 

■■ 




External Base-to-Emitter Resistance 
( r be ) = 10 SI 

V CE r( sus ) 

1 

■ 

■ 

100 a 

■ 

■ 

80 

- 

V 

Col 1 ector-to-Em itte r 




■ 







Saturation Voltage 

Vce^ 53 ^) 


m 

■ 

150 


15 

H 

2 

V 

Base-to-Emitter 



■ 

■ 







Saturation Voltage 

Vg^(sat) 

m 

■ 

■ 

150 


15 

- 

1.3 

V 

Small-Signal Forward-Current 




HI 


■ 

mi 



■ ■ 

Transfer Ratio: 


■ 




;'H- ; 

■ 



mm 

f = 1 kHz 




■ 

1 



35 

100 

MIBI 

f = 1 kHz 


10 


5 



45 

- 


f = 20 MHz 


■ 

10 

1 

50 

■ 

Hi 

5 

- 

HI; 

Output Capacitance 

C ob 

El 




0 


- 

15 

PF 

Input Resistance: 

h ib 

um 

■ 


n 



20 

30 

SI 

f = 1 kHz 

EB 

■1 


mm 



- 

10 


Voltage-Feedback Ratio: 
f = 1 kHz 

h rb 

B 

■ 


1 

5 



■ 

2.5x1 0 -4 
3x10“ 4 


Output Conductance: 

h ob 

n 

■ 


1 



0.1 

0.5 

/imho 

f = 1 kHz 

Cl 

■ 


5 



0.1 

1 

Thermal Resistance: 


■ 

■ 


■ 

■ 

■ 

■ 



Junction-to-Case 

R 0JC 

1 

■ 


■ 

■ 

■ 

El 

75 

°C/W 

Ju nction -to- Am bient 

R 0JA 








250 


a Pulsed: Pulse duration = 300 / us; duty factor <2%. 
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Fig. 1 — Current derating curves. 


COMMON-EMITTER CIRCUIT, BASE INPUT. 
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Fig.2 - Typical output characteristics at T A - lOOPC. 
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File No. 83 



Solid State 
Division 


RF Power Transistors 
2N918 
2N3600 


RCA-2N918 and RCA-2N3600 are double-diffused 
epitaxial planar transistors of the silicon n-p-n type. 
They are extremely useful in low-noise-amplifier, oscil- 
lator, and converter applications at VHP frequencies. 

These devices utilize a hermetically sealed four- 
lead JEDEC TO-72 package. All active elements of 
the transistor are insulated from the case, which may 
be grounded by means of the fourth lead in applications 
requiring minimum feedback capacitance, shielding of 
the device, or both. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

2N918 2N3600 


COLLECTOR-TO-BASE 
VOLTAGE, V CB o 

COLLECTOR-TO-EMITTER 

VOLTAGE, V C EO 

EMITTER-TO-BASE 

VOLTAGE, V EB0 

COLLECTOR CURRENT, I c 

TRANSISTOR DISSIPATION, P T : 

For operation with heat sink: 

At case I up to 25°C .... 

temperatures** | above 25°C . . . 
For operation at ambient 
temperatures: 

At ambient ( up to 25°C . . . . 
temperatures { above 25°C . . . 

TEMPERATURE RANGE: 

Storage and Operating (Junction). . . 


30 30 max. V 

15 15 max. V 

3 3 max. V 

50 * max. mA 

300 300 max. mW 

Derate at 1.71 mW/°C 


200 200 max. mW 

Derate at 1.14 mW/°C 

-65 to +200 °C 


LEAD TEMPERATURE 
(During Soldering): 

At distances >. 1/16 inch from 
seating surface for 60 seconds 

max 300 300 max. °C 

* Limited by transistor dissipation. 

** Measured at center of seating surface. 


SILICON N-P-N 
EPITAXIAL PLANAR 
TRANSISTORS 

For VHF Applications 
In Military, Communications, 
and Industrial Equipment 


4 



JEDEC 

TO-72 


FEATURES 

® high gain-bandwidth product 
® hermetically sealed four-lead package 
O low leakage current 
• high 200-MHz power gain 
2N3600 

® low noise figure 

NF = 4.5 dB max. at 200 MHz 
® low collector-to-base time constant 
r b ’C c = 15 ps max. 

® high power gain as neutralized amplifier 
G pe = 17 dB min. at 200 MHz 



92CS-I2845RI 

Fig .1 - Small-signal beta characteristic for types 2N918 
and 2N3600. 
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2N918, 2N3600 


File No. 83 


ELECTRICAL CHARACTERISTICS 




TEST CONDITIONS , 

LIMITS 






DC 

r DC 

DC 

DC 

DC 









Ambient 

Frequency 

Collector- 

Collector- 

Emitter 

Collector 

Base 


TvDe 



TvDe 



Characteristics 

Symbols 

Temperature 

to- Base 

to- Emitter 

Current 

Current 

Current 


2N918 

2N3600 

Units 





Voltage 

Voltage 









ta 

f 

VCB 

VCE 

IE 

ic 

IB 









°C 

MHz 

V 

V 

mA 

mA 

mA 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Collector-Cutoff Current 

ICBO 

25 


15 


0 





0.01 



0.01 



150 


15 


0 





1 



1 

mA 

Collector-to-Base 

bvcbo 

25 




0 

0.001 


30 



30 



V 

Breakdown Voltage 















Collector-to-Emitter 

bvceo( sus ) 

25 





3 

0 

15 



15 

- 


V 

Sustaining Voltage 















Emitter-to-Base 

bvebo 

25 




0.01 

0 


3 



3 

. 


V 

Breakdown Voltage 














Collector-to-Emitter 

VcE(sat) 

25 





10 

1 



0.4 


. 

0.4 

V 

Saturation Voltage 















Base-to-Emitter 

VBE(sat) 

25 





10 

1 



1 


. 

1 

V 

Saturation Voltage 















Static Forward Current- 

h FE 

25 



1 


3 


20 



20 


150 


Transfer Ratio 















Small-Signal Forward 

h fe 

25 

100 


10 


4 


6 . 



8.5 


15 


Current-Transfer Ratio 0 

100 


6 


5 









1 kHz 


6 


2 





40 


200 


Common-Base Output 

Cob 

25 

0.1 to 1 

10 


0 





1.7 




PF 

Capacitance 15 

0 


0 


. 



3 




PF 

Collector-to-Base 

Ccb 

25 

0.1 to 1 

10 


0 








1 

PF 

Feedback Capacitance 15 












Common-Base Input 

Cib 

25 

0.1 to 1 




0 




2 


1.4 


PF 

Capacitance 0 (Veb= 0.5V) 














Collector-to-Base 

r b'C c 

25 

40 

6 



2 



15 





ps 

Time Constant® 

31.9 

. 6 



5 





4 


15 

ps 

Small-Signal Power Gain 
















in Neutralized Common- 


25 

200 


12 


6 


15 

21 





dB 

Emitter Amplifier Circuit® 
(See Fig.2 & Fig.3) 

u pe 


6 


5 





17 


24 

dB 



Small-Signal Power Gain 
















in Unneutralized Common- 
Emitter Amplifier Circuit 0 
(See Fig.4) 

Gpe 

25 

200 


10 


5 



13 



* 


dB 

Power Output in Common- 
















Emitter Oscillator Cir- 
cuit® (See Fig.5) 

Po 

25 

>500 

10 


12 



30 



20 



mW 

Nose Figure 0 (See Fig.2) 

NF 

25 

200 


6 


1.5 







4.5 

dB 

Noise Figure®'* 1 

NF 

25 

60 


6 

1 

1 




6 



3 

dB 


a Lead No.4 (case) grounded. c Lead No.4 (case) floating, 

k Three-terminal measurement of the collector-to-base capacitance 11 Generator Resistance (R g ) =400 ohms, 

with the case and emitter leads connected to the guard terminal. 
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File No. 83 


2N918, 2N3600 



92CS-II930R2 

NOTE: (Neutralization Procedure): (a) Connect a 50-0 rf voltmeter 
to the output of a 200-MHz signal generator (Rg = 50 U), and adjust 
the generator output to 5 mV. (b) Connect the generator to the input 
and the rf voltmeter to the output of the amplifier, as shown above, 
(c) Apply Vjr£ and Vqc. and adjust the generator output to provide 
an amplifier output of 5 mV. (d) Tune C 2 , C 6 , and C 7 for maximum 
amplifier output, readjusting the generator output, as required, to 
maintain an output of 5 mV from the amplifier, (e) Interchange the 
connections to the signal generator and the rf voltmeter, (f) With 
sufficient signal applied to the output terminals of the amplifier, 
adjust Cn for a minimum indication at the amplifier input, (g) Repeat 
steps (a), (b), (c), and (d) to determine if retuning is necessary. 

Q = Type 2N3600 

Fig. 2 - Neutralized amplifier circuit used to measure 
power gain and noise figure at 200 MHz for type 2N3600. 


+V CC 


SOURCE 
IMPEDANCE 
=50 OHMS 



Lj - 3.5 turns No. 16 tinned copper wire; 5/16 " dia.; 7/16 " long; 
turns ratio ~ 4:2 

l_ 2 - 8 turns No. 16 tinned copper wire; 1/8" dia.; 7/8" long; 
turns ratio ~ 8:1 

l _ 3 - MILLER #4303 (0.4 - 0.65 pH) or equivalent 
Q =Type 2N918 

Fig. 3 - Neutralized amplifier circuit used to measure 
power gain at 200 MHz for type 2N918. 


+Vcc 



L x - 1 loop #12 AWG wire; l Q = 13/16 " 

L 2 - 1/2 loop #12 AWG wire; l D = 1-3/16 " 

Q = 2N918 

Fig. 4 - Circuit used to measure 200-MHz unneutral ized 
power gain for type 2N918. 


NOTE 2 



92CS-I2849R2 


Note 1 - Coaxial-Line output network consisting of: 

2 General Radio Type 874 TEE or equivalent 
1 General Radio Type 874-D20 Adjustable Stub or equivalent 
1 General Radio Type 874-LA Adjustable Line or equivalent 
1 General Radio Type 874-WN3 Short-circuit termination or equivalent 

Note 2 - RFC = 0.2 /xH Ohmite #2-460 or equivalent 
Note 3 - Lead Number 4 (case) floating 

Lj - 2 turns #16AWG wire, 3/8 inch OD, 1-1/4 inch long 
Q = 2N918 or 2N3600 

Fig. 5 - Circuit used to measure 500-MHz oscillator 
power output for types 2N918 and 2N3600. 
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2N918, 2N3600 


File No. 83 


TWO-PORT ADMITTANCE (y) PARAMETERS AS FUNCTIONS OF 
COLLECTOR CURRENT (l C ) FOR RCA TYPES 2N918 AND 2N3600 




Fig. 6 - Input admittance (y/ e ). Fig. 7 - Output admittance ( y oe ). 




Fig. 8 - Forward transadmittance (yf e ). Fig. 9 - Reverse transadmittance (y re ). 


TERMINAL CONNECTIONS 

LEAD 1- EMITTER 

LEAD 2 - BASE 

LEAD 3- COLLECTOR 

LEAD 4 - CONNECTED TO CASE 
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File No. 135 


OUCBZ/D 

Solid State 
Division 


Power Transistors 

2N1479 2N1480 
2N1481 2N1482 


Silicon N-P-N 
Power Transistors 

General-Purpose Types for 
Medium-Power Applications 

Features: 

■ High-temperature characterization 

■ High dc beta at 200 mA 

■ Full switching-time characterization 

at 200 mA 


RCA-2N 1 479— 2N 1482 are diffused-junction silicon n-p-n circuits; and as class A and class B push-pull audio and 

power transistors. These transistors are intended for a wide servo amplifiers, 

variety of applications in industrial and military equipment. 

They are particularly useful in power-switching circuits such These transistors feature high beta at high current, and ex- 

as in dc-to-dc converters, inverters, choppers, solenoid and cellent high-temperature performance. They employ the 

relay controls; in oscillator, regulator, and pulse-amplifier JEDEC TO-39 or TO-5 hermetic package. 




Maximum Ratings, Absolute-Maximum Values: 

*COLLECTOR-TO-BASE VOLTAGE 

"COLLECTOR-TO-EMITTER VOLTAGE: 

With base open, sustaining 

With emitter-to-base reverse biased 

(V EB = 1.5 volts) 

* EMITTER-TO-BASE VOLTAGE 

"COLLECTOR CURRENT 

"EMITTER CURRENT 

"BASE CURRENT 

"TRANSISTOR DISSIPATION: 

(See Rating Chart Fig. 1): 

At case temperature of 25° C . 

At case temperature of 100° C 

TEMPERATURE RANGE: 

Operating and Storage 

*ln accordance with JEDEC registration data 



2N1479 

2N1480 



2N1481 

2N1482 


v CBO 

60 

100 

V 

v CEO( sus * 

40 

55 

V 

V CEX 

60 

100 

V 

< 

m 

CD 

12 

12 

V 

>c 

1.5 

1.5 

A 

■e 

-1.75 

-1.75 

A 

'b 

1 

1 

A 

Pt 

5 

5 

W 


2.86 

2.86 

w 


-65 to +200 

°c 


4-74 
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2N1479— 2N1482 


File No. 135 


ELECTRICAL CHARACTERISTICS, A t Case Temperature (Tq) = 25° C unless otherwise specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

Vdc 

CURRENT 
mA dc 

2N1479 

2N1480 

2N1481 

2N1482 

V CB 

V CE 

V EB 

•c 

! b 

»E 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Collector Cutoff Current: 

'CBO 

30 





0 


10 


10 


10 


10 

MA 

T C = 150°C 


30 





0 


500 


500 


500 


500 

Emitter Cutoff Current 

'ebo 



■a 

0 




10 


■a 


■a 


■a 

pA 

Collector-To-Emitter 

Voltage: 

With base-emitter junction 

reverse -biased 

V CEX 

1 




1 

1 

60 

1 

100 

i 


i 


i 

■ 


BMjjS 





B 

■ 

B 




m 





Base-To-Emitter Voltage 

V BE 


4 



ZJ 


ZZ 

3 

1 

3 


3 


3 

V 

DC Current Transfer Ratio 

h FE 


4 



zl 


mi 

60 

m i 

H|Zj| 


mm 

IQjJjj 

mi 


&mall-Signal Current 

Transfer Ratio 

h fe 


4 


■ 


■ 

50 Typ. 

50 Typ. 

50 Typ. 

50 Typ. 


DC Collector-To-Emitter 

Saturation Resistance 


■ 

■ 

■ 



1 

■ 

■ 

■ 

■ 

■ 

■ 

7 

n 

Collector-To-Base 

Capacitance 

mm 

H 

■ 

■ 



■ 




150 Typ. 

pF 

Thermal Time Constant 

i-i 


zz 





msm 

10 Typ. 

■EQ23I 

HEEQ3I 


Alpha-Cutoff Frequency 

fa b 

WZM 



5 



1.5 Typ. 

1.5 Typ. 

1.5 Typ. 


MHz 

Switching Time: 

Delay Time 

t d - 



. 





0.2 Typ. 

0.2 Typ. 


PS 

Rise Time 

V 







1 Typ. 

1 Typ. 

1 Typ. 

1 Typ. 

Storage Time 

V 







muuOJI 

IQ3ZQHI 



Fall Time 

V 







1 Typ. 

1 Typ. 

1 Typ. 

1 Typ. 

Thermal Resistance: 

Junction-to-case 

R 0JC 








H 



B 

|Q 

B 

Qj 

°C/W 

Junction-to-free air 

R 0JFA 








e a 




|gj 

_ 



'In accordance with JEDEC registration data 
Iq = 200 mA, = 20 mA, lg^ = —8.5 mA; see Figs. 6 and 7. 



Fig. 1 — Derating chart for all types. 


TERMINAL CONNECTIONS 

Lead 1 - Emitter 
Lead 2 - Base 
Case, Lead 3 - Collector 
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File No. 135 


2N1479-2N1482 



Fig. 2 — Typical input characteristics for all types. 



O 20 40 60 80 100 


COLLECTOR-TO- EMITTER VOLTAGE (\lrc)—V 

92CM ■ 

Fig. 3 — Typical output characteristics for all types. 
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ll 






g m 
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[| 

CA 
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PERATURE (TqU 2 W | | 1 rfjff 

§ M 

m 

§: 

rtr 

1 




DC FORWAR 

O 

111 

' j_ 


1 

|| 

ill 1111 ® 


0 0.2 0.4 0.6 0.8 I 1.2 

COLLECTOR CURRENT (Ic) —A 

92CS-I0450R2 

Fig.4 — Typical dc beta characteristics for all types. 



92CS-I088IRI 

Fig. 5 — Typical leakage characteristics for all types. 



I Bj = 20 mA 
I mA 



92CS -10029 


Fig. 6 — Test circuit for measurement of saturated switching times. 


Fig. 7 — Oscilloscope display for measurement of switching times 
(test circuit in Fig. 6). 
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Solid State 
Division 


File No. 137 

Power Transistors 

2N1483 2N1484 
2N1485 2N1486 


RCA-2N1483— 2N1486 are diffused-junction power tran- 
sistors of the silicon n-p-n type. These transistors are 
intended for a wide variety of applications in industrial 
and military equipment. They are particularly useful in 
power-switching circuits such as in dc-to-dc converters, 
inverters, choppers, solenoid and relay controls; in os- 
cillator, regulator, and pulse amplifier circuits; and as 
class-A and class-B push-pull audio and servo ampli- 
fiers. 

These transistors feature high beta at high current, 
and excellent high temperature performance. 


Intermediate-Power Types 


Jj bca] 

| 


r 

\ 


JEDEC-TO-8 

• Maximum dissipation rating of 25 watts at a case temperature of 25°C 

• 2N1485 and 2N1486 have a maximum saturation resistance of 1 ohm 


Maximum Ratings, Absolute-Maximum Values: 


COLLECTOR-TO-BASE VOLTAGE . . . 
COLLECTOR-TO-EMITTER VOLTAGE: 

With base open (sustaining voltage) . 

With emitter-to-base reverse 

biased (Vgg = 1.5 volts) 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT 

EMITTER CURRENT 

BASE CURRENT 

TRANSISTOR DISSIPATION: 

(See Rating Chart Fig. 3): 

At case temperature of 25°C 

At case temperature of 100°C 

TEMPERATURE RANGE: 

Operating and Storage 


2N1483 

2m 484 



2N1485 

2N1486 



60 

100 

max. 

volts 

40 

55 

max. 

volts 

60 

100 

max. 

volts 

12 

12 

max. 

volts 

3 

3 

max. 

amp 

-3.5 

-3.5 

max. 

amp 

1.5 

1.5 

max. 

amp 

25 

25 

max. 

watts 

14.1 

14.1 

max. 

watts 

-65 to +200 


°C 


40 


6-66 
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2N1483-2N1486 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25°C unless otherwise specified 


CHARACTERISTIC 

Collector Cutoff Current: 
With emitter open 
At T c = 150°C 

Emitter Cutoff Current 
V EB =12V 


DC Forward-Current Transfer 
Ratio 


Collector-to-Emitter Sustaining 
Voltage: 

With base open 
With base-emitter junction 
reverse-biased (V BE = 

-1.5 V) 

Base-to-Emitter Voltage 


Col lector-to- Em itter 
Saturation Resistance 


Alpha Cutoff Frequency 
Saturated Switching Time 
Delay time 


Storage time 


Fall time 


Thermal Resistance: 
Junction-to-case 

Junction-to-ambient 



— 

30 


'CBO 

30 


'ebo 



hFE 


4 

v CEO< sus > 




TEST CONDITIONS 
VOLTAGE CURRENT 

V dc mA dc 

V CB 1 v cl~ ‘c l *B 


Min. I Max. Min. 



15 

M A 

750 

15 pA 



Pulsed, pulse duration = 300 jus, duty factor = 1.8%. 


3±±::j COMMON-EMITTER CIRCUIT, BASE INPUT. teHitejteUtj 
tn= tm COLLECTOR-TO-EMITTER VOLTS = 4 ^tj: ±h: = rii±| 
Site CURVE I CASE TEMPERATURE -°C 


1 


■ S 


mm 


Jliltfliiib 

f ill lilliii 11111111 


FIHjTfTTn common-emitter circuit, base input. t -t 

t COLLECTOR-TO-EMITTER VOLTS= 4 ffl ££ 

HI CURVE I CASE TEMPERATURE— °C j& 

100 m — is tel tel si 


• p 

fiffe 


92CS-I0443R3 

Fig. 1— Typical input characteristics for all types. 


92CS-I0444R2 

Fig. 2— Typical operation characteristics for all types. 
























2N1483-2N1486 


File No. 137 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25°C unless otherwise specified 


TEST CONDITIONS 


CHARACTERISTIC 

SYMBOL 

Collector Cutoff Current: 

With emitter open 


At T c = 150°C 

'CBO 

Emitter Cutoff Current 

V EB = 12 V 

>EBO 

DC Forward-Current Transfer 

Ratio 

h FE 

Collector-to-Emitter Sustaining 
Voltage: 

With base open 

v CEO( sus ) 

With base-emitter junction 
reverse-biased (Vgg = 

-1.5 V) 

V CEX 


100 35 100 



Delay time 


Rise time 


10 (typ.) 10 (typ.) 

1.25 (typ.) 1.25 (typ.) 

“i r - 

0.2 (typ.) 0.2 (typ.) 


Thermal Resistance 
Junction-to-case 


Junction-to-ambient j RflJA 

a Pulsed, pulse duration = 300 ps, duty factor = 1.8%. 




CASE TEMPERATURE— °C 


Fig. 3— Rating chart for all types. 


Fig. 4— Typical operation characteristics for all types. 



















2N1483—2N1486 


File No. 137 



92CM-I0445RI 



B} = 8.5 volts Rj = 50 ohms, 1 watt 

B 2 = 12 volts R 2 = 220ohms, 1 watt 

Rg = 15.9 ohms, 2 watts 



Typical Operation of the 2N1483- 2N1486 

At Case Temperature ( Tq ) = 25°C: 


DC Supply Voltage (B 2 ) ....'. 12 V 

DC Base Bias Voltage (Bj) —8.5 V 

Generator Resistance 50 ^ 

“On” DC Collector Current 750 mA 

“Turn-On” Base Current (Ig^) 65 mA 

“Turn-Off” Base Current —35 mA 


Fig. 5— Typical collector characteristics for all types. 


Fig. 6— Typical power-switching circuit. 


TERMINAL CONNECTIONS 

Lead 1 — Emitter 
Lead 2 — Base 
Case, Lead 3 — Collector 


43 



File No. 139 



Solid State 
Division 


Power Transistors 

2N1487 2N1488 
2N1489 2N1490 


RCA-2N1487— 2N1490 are diffused-junction power tran- 
sistors of the silicon n-p-n type. These transistors are 
intended for a wide variety of applications in industrial 
and military equipment. They are particularly useful in 
power-switching circuits such as in dc-to-dc converters, 
inverters, choppers, solenoid and relay controls; in os- 
cillator, regulator, and pulse-amplifier circuits; and as 
class-A and class-B push-pull audio and servo ampli- 
fiers. 

These transistors feature high pow;er-dissipation 
ratings, high beta at high current, and excellent high 
temperature performance. 


• Maximum dissipation rating of 75watts at a mounting flange temper- 
ature of 25°C 

• 2N1489 and 2N1490 haveamaximum saturation resistance of 0.67 ohm 


High-Power Types 



Maximum Ratings, Absolute-Maximum. Values: 

2N1487 2N1488 

2N1489 2N1490 


COLLECTOR-TO-BASE VOLTAGE 60 100 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open (sustaining voltage) 40 55 

With emitter-to-base reverse 

biased (Vgg = 1.5volts) 60 100 

EMITTER-TO-BASE VOLTAGE 10 10 

COLLECTOR CURRENT 6 6 

EMITTER CURRENT -8 -8 

BASE CURRENT . . 3 3 

TRANSISTOR DISSIPATION: 

(See Rating Chart Fig. 1): 

At mounting-flange temperature of 25°C 75 75 

At mounting-flange temperature of 100°C 43 43 

TEMPERATURE RANGE: 

Operating and Storage -65 to +200 


max. volts 

max. volts 

max. volts 
max. volts 
max. amp 
max. amp 
max. amp 


max. watts 
max. watts 

°C 
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2N1487— 2N1490 


ELECTRICAL CHARACTERISTICS 

Mounting-flange temperature = 25°C unless otherwise specified. 











































2N1487— 2N1490 


File No. 139 


Typical Operation of the 2N1487, 2N1488, 2N1489, and 2N1490 in the Power-Switching Circuit of Fig. 3: 


DC Supply Voltage (B 2 ) 

DC Base Bias Voltage (Bj). . . 

Generator Resistance 

“On” DC Collector Current. . . 
“Turn-On” Base Current (Ig^). 
“Turn-Off” Base Current (Ig^- 
Switching Time: 

Delay Time (tj) . . 

Rise Time (tj.) 

Storage Time (t g ) 

Fall Time (tf) 


12 

volts 

-8.5 

volts 

50 

ohms 

1.5 

amp 

300 

ma 

-150 

ma 

0.2 

/isec 

1.0 

/i sec 

1.0 

/i sec 

1.2 

/i sec 


Typical Characteristics of the 2N1487, 2N1488, 2N1489, and 2N1490 at a Mounting- Flange Temperature of 25°C: 


Collector-to-base capacitance: C^ 

(Vcb = 40 volts). . . 200 /i/if 

Thermal Time Constant, t\ 12 msec 

Alpha-Cutoff Frequency f a ^ 

(Vcb = 12 v °t ts > I c = lOOrna) 1 Me 


2N1487, 2N1488, 



Bj = 8.5 volts R 2 = 30 ohms, 1 watt 

B 2 = 12 volts Rg =7.8 ohms, 2 watts 

Rj = 50 ohms, 1 watt 



OUTPUT WAVE FORM 


92CS -10029 


Fig. 3- Typical Power-Switching Circuit. 



J 2N1487— 2N1490 


File No. 139. 



92CM-I0447 

Fig . 4- Typical Collector Characteristics for Types 
2N1487, 2N1488, 2N1489, and 2N1490. 



92CS-I045W2 


Fig. 5 -Typical Input Characteristics for Types 
2N1487, 2N1488, 2N1489, and 2N1490. 



Fig. 6 - Typical Operation Characteristics for Types 
2N1487, 2N1488, 2N1489, and 2N1490. 


TERMINAL CONNECTIONS 

Pin 1 — Base 
Pin 2 — Emitter 
Case — Collector 
Mounting Flange — Collector 
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Solid State 
Division 


Power Transistors 

2N2102 

2N1613 



Medium-Power Silicon 
N-P-N Planar Transistors 

For Small-Signal Applications 
In Industrial and Commercial Equipment 

Features'. 

■ For operation at junction 
temperature up to 200° C 

■ Planar construction for 
low noise and low leakage 

■ Low output capacitance 


These devices are available with either VA- 
inch leads (TO-5 package) or Vi - inch leads 
iTO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num- 
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 


RCA-2N2102 and 2N1613 are silicon n-p-n planar transistors 
intended for a wide variety of small-signal and medium-power 
applications in military and industrial equipment. They 
feature exceptionally low noise, low leakage, high switching 
speed, and high pulsed beta. 

RCA-2N2102 is a direct replacement for the 2N1613. In 
addition, because of its junction design, the 2N2102 has 
higher breakdown-voltage ratings, higher dissipation ratings, 
lower saturation voltages, higher sustaining voltages, and 
lower output capacitance. 


RCA-2N2102 Features: 

■ Gain bandwidth product (fj) = 120 MHz (typ.); 
useful in applications from dc to 20 MHz 

■ High breakdown voltage: 

V|br)cbO = ”120 V min. at Iq = 0.1 m A 

■ Low saturation voltages: 

VQ|:(sat) = 0.5 V max. at Iq = 150 mA 
V BB (sat) = 1.1 V max. at Iq = 150 mA 

■ Beta (hp B ) controlled over 5 decades of Iq 


MAXIMUM RATINGS, Absolute-Maximum Values: 


2N2102 

2N1613 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With external base-to-emitter resistance 

• v CBO 

120 

75 

(RBE) = 10 £1 

• V CER< SUS > 

80 

50 

With base open 

• v CEO< sus ) 

65 


EMITTER-TO-BASE VOLTAGE 

• v EBO 

7 

7 

COLLECTOR CURRENT 

TRANSISTOR DISSIPATION: 

>c 

P T 

r 

1 

At case temperatures up to 25° C 


5 

3 

At free-air temperatures up to 25° C 


1 

0.8 

At temperatures above 25° C 

‘TEMPERATURE RANGE: 


See Figs. 1 and 2 

Storage and operating (Junction) 

‘LEAD TEMPERATURE (During soldering): 

At distance >1/16 in. (1.58 mm) from 

seating plane for 10 s max 


65 to + 200 

300 


V 


V 

V 

V 
A 

W 

W 

°C 

°c 


*ln accordance with JEDEC registration data format 
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File No. 106 2N2102, 2N1613 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C unless otherwise specified 





TEST CONDITIONS 

LIMITS 












1 




EH 


2N2102 

2N1613 

UNITS 

1 




BWi 

mm 

um 

Min. 

Max. 

Min. 

Max. 


1 

Collector Cutoff Current: 












With emitter open 

ICBO 

60 





0.002 

- 

0.01 

MA 


At Tc = 1 50°C 

60 





2 

- 

10 

* 

Emitter Cutoff Current: 












Veb = 5V 




0 


- 

0.002 

- 

0.01 

PA 





10 

0.01 


10 

- 

- 

- 






10 

0.1 


20 

- 

20 

- 


* 

DC Forward-Current Transfer Ratio 

hFE 


10 

10 a 


35 

- 

35 

- 






10 

150 a 


40 

120 

40 

120 






10 

500 a 


25 

- 

20 

- 



At Tc = — 55°C 



10 

10 a 


20 

- 

20 

- 


* 

Collector-to-Emitter 












Reachthrough Voltage: 

Vrt 





120 

- 

- 

- 

V 


Veb = 1.5 V. l£ = 0 











* 

Collector-to-Base 












Breakdown Voltage: 

V(BR)CBO 



0.1 


120 

- 

75 

- 

V 


With emitter open 











* 

Emitter-to-Base 












Breakdown Voltage: 

V(BR)EBO 



0 


7 


7 

- 

V 


lE = 0.1 mA 











* 

Collector-to-Emitter 












Sustaining Voltage: 

VcEO(sus) 



100 a 

0 

65 

- 

- 

- 

V 


With base open 












With external base-to-emitter 

resistance (Rbe) = 1012 

v CER(sus) 



100 a 


80 

- 

50 

- 

V 

* 

Base-to-Emitter Saturation 









1.3 



Voltage 

VBE(sat) 



1 50 a 

15 

~ 

1.1 

— 

V 

* 

Collector-to-Emitter Saturation 







0.5 


1.5 



Voltage 

VcE(sat 



1503 

15 

~~ 

— 

V 

* 

Common-Emitter, Small-Signal, 












Forward-Current Transfer Ratio 

hfe 


5 

1 


30 

100 

30 

100 



(f = 1 kHz) 


10 

5 


35 

150 

35 

150 



Magnitude of Common-Emitter, 












Small-Signal, Forward-Current 
Transfer Ratio (f = 20 MHz) 

l h fe| 


10 

50 


3 


3 

— 


* 

Input Resistance: 

hib 

5 


1 


24 

34 

24 

34 

n 


f = 1 kHz 

10 


5 


4 

8 

4 

8 

* 

Small-Signal Reverse Voltage 


5 


1 

| 

- j 

3 x 10-4 

- 

3 x 10*4 



Transfer (Feedback) Ratio: 

hrb 

10 


1 


- 

- 

- 

3x10-4 



f = 1 kHz 


10 


5 


- 

3 x 10-4 

- 

- 


* 

Output Conductance: 

hob 

5 


1 


0.01 

0.5 

0.05 

0.5 



f = 1 kHz 

10 


5 


0.01 

1 

0.05 

0.5 

jumho 

* 

Output Capacitance: 

Cob 

10 





15 


25 

PF 


'E-° 




“ 


* 

Input Capacitance: 







80 


80 

PF 


Veb = 0.5 V 

Cjb 



0 





49 





2N2102, 2N1613 


File No. 106 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 25°C 


CHARACTERISTIC 

SYMBOL 

Noise Figure: 

Circuit Bandwidth (BW) = 1 Hz 
Reference signal freq. = 1 kHz 
Generator resistance ( R g ) = 

510 £2 (2N 1613); (Zq) = 

1000 a (2N 21 02) 

NF 

Saturated Switching Time 
(See Fig. 14) 

td + t r +tf 

Thermal Resistance: 

Junction-to-case 

R0JC 

Junction-to-ambient 

R0JA 


TEST CONDITIONS 


VOLTAGE CURRENT 
V dc mA dc 


2N2102 
Min. I Max. 


2N1613 
Min. I Max. 


58.3 

°C/W 

219 
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Fig. 5 — Typical output characteristics for both types. 
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COLLECTOR-TO-EMITTER VOLTAGE (Vce) — V 


92CS-III75R3 

Fig. 7 — Typical output characteristics for both types. 



92CS- I2220R2 


Fig. 9 — Typical noise figure characteristics for both types. 



92CS- I2665RI 


Fig.6 — Typical output characteristics for both types. 



COLLECTOR-TO-EMITTER VOLTAGE (V CE )— V 


92CS-I2668RI 

Fig. 8 — Typical output characteristics for both types. 



92CS-III85R2 

Fig. 10 — Typical transfer characteristics for both types. 


51 






2N2102, 2N1613 


File No. 106 
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COMMON- EMITTER CIRCUIT, BASE INPUT 
COLLECTOR CURRENT (Ic) = 100 mA (PULSED) 
AMBIENT TEMPERATURE (Ta) = 25° C 
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Fig. 11 — Typical sustaining voltage vs. base-to-emitter 
resistance for 2N1613. 
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EXTERNAL BASE-TO-EMITTER RESISTANCE (R BE )— OHMS 

92CS — III93R3 


Fig. 12 — Typical sustaining voltage vs. base-to-emitter 
resistance for 2N2102. 



JUNCTION TEMPERATURE (Tj) — °C 

92CS-III70R2 


Fig. 13 — Typical leakage characteristics for both types. 


TERMINAL CONNECTIONS 

Lead 1 - Emitter 
Lead 2 - Base 
Case, Lead 3 — Collector 




Fig. 14 — Circuit for measurement of switching time, 
and associated waveforms. 
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File No. 26 



Solid State 
Division 


Power Transistors 
2N1711 



Silicon N-P-N 
Planar Transistors 


General-Purpose Type for Small-Signal, 
Medium-Power Applications 


Features: 


■ Minimum gain-bandwidth product = 70 MHz; 
useful in applications from dc to 25 MHz 

■ Operation at high junction temperatures 

■ Planar construction for low-noise and 
low-leakage characteristics 

■ Low output capacitance 


These devices are available with either 1 Vi- 
inch leads (TO-5 package) or Vi-inch leads 
(TO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num- 
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 


RCA-2N1711 is a silicon n-p-n planar transistor intended for 
a wide variety of small-signal and medium-power applications 
in military and industrial equipment. It features exceptionally 


low noise and leakage characteristics, high pulse beta (hp E ), 
high breakdown-voltage ratings, low saturation voltages, high 
sustaining voltages, and low output capacitance. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


COLLECTOR-TO-BASE VOLTAGE V CB0 

COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-to-emitter resistance (R BE ) < 10 £2 Vq EB 

EMITTER-TO-BASE VOLTAGE V EB0 

COLLECTOR CURRENT I c 

TRANSISTOR DISSIPATION: P T 


At case temperatures up to 25°C 

At case temperatures above 25°C 

At free-air temperatures up to 25°C 

At free-air temperatures above 25°C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

LEAD TEMPERATURE (During soldering): 

At distance >1/16 in. (1.58 mm) from seating plane for 10 s max. 


75 

V 

50 

V 

7 

V 

1 

A 

3 

W 

See Fig. 1 

0.8 

W 

See Fig. 1 

—65 to +200 

°C 

230 

°c 


3-74 
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2N1711 


File No. 26 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

TEST CONDITIONS 

LIMITS 

Units 

Case 

Tempera- 

ture 

°C 

Fre- 

quency 

kHz 

DC 

Col lector- 
to- Base 
Voltage 

V 

DC 

Col lector- 
to-Emitter 
Voltage 

V 

DC 

Emi tter- 
to-Base 
Voltage 
V 

DC 

Collector 

Current 

mA 

DC 

Emitter 

Current 

mA 

DC 

Base 

Current 

mA 

Min. 

Max. 

V CB 

V CE 

V EB 

h 

h 

h 

Col lector-Cutoff 
Current 

I CB0 

25 

150 


60 

60 




0 

0 


: 

0.01 

10 

mA 

Emi tter-Cutoff 
Current 

I EB0 

25 




5 

0 



- 

0.005 

mA 

DC-Pulse Forward- 
Current Transfer 
Ratio 0 

h FE 

25 

25 

25 



10 

10 

10 


10 

150 

500 



75 

100 

40 

300 


DC Forward-Current 
Transfer Ratio 

h FE 

25 

25 

-55 



10 

10 

10 


0.01 

0.1 

10 



20 

35 

35 



Col lector- to-Base 
Breakdown Voltage 

V (BR)CB0 

25 





0.1 

0 


75 


V 

Emi tter-to-Base 
Breakdown Voltage 

V (BR)EB0 

25 





0 

0.1 


7 


V 

Col lector-to-Emitter 
Reach-Through 

Vol tage 

V RT 

25 




1.5 ^ 

0.1 



75 

- 

V 

Col lector- to-Emi tter 
Sustaining Voltage 
with External 

Base- to- Emi tter 
Resistance = 10 ohms 

v cer( 8U# ) 

25 





100 

(pulsed) 



50 

- 

V 

Col lector- to-Emi tter 
Saturation Voltage 

V C E(aat) 

25 





150 


15 

- 

1.5 

V 

Base- to-Emi tter 
Saturation Voltage 

v K («*) 

25 


j 



150 


15 

- 

1.3 

V 

Stoal 1-Signal 
Forward-Current 
Transfer Ratio 

h fe 

25 

25 

25 

1 

1 

20 MHz 


5 

10 

10 


1 

5 

50 



50 

70 

5 

200 

300 


Noise Figure: 
Generator resis- 
tance (Rq) = 510 
ohms, circuit 
bandwidth (BW) = 

1 cycle 

NF 

25 

1 

10 



0.3 



‘ 

8 

dB 

Output Capacitance 

C 0 b 

25 


10 




0 


- 

15 

PF 

Input Capacitance 

Cib 

25 




0.5 

0 



- 

80 

PF 

Input Resistance 

h ib 

25 

25 

1 

1 

| 5 

10 



1 

5 



24 

4 

34 

8 

n 

Vol tage-Feedback 
Ratio 

h rb 

25 

25 

1 

1 

5 

10 



1 

5 



- 

5x10-4 

5xl0- 4 


Output Conductance 

hob 

25 

25 

1 

1 

5 

10 



1 

5 



0.1 

0.1 

0.5 

1 

jumbo 

Thermal Resistance: 
Junction-to-case 
Junction-to- 
free air 

R 0JC 

R 0JA 

- 








* 

58.3 

219 

°C/W 


0 Pulse duration =300 ns; duty factor <2%. 


Emitter- to-base floating potential. 
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TRANSFER RATIO (hpE> 


iiiHl 



!:l!l 



Fig. 1— Current derating curves. 


COMMON-EMITTER CIRCUIT, BASE INPUT. 
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Fig. 3— Typical dc beta characteristics. 
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Fig. 5— Typical col lector-cutoff -current characteristics. 


Fig. 6— Typical small-signal beta characteristics. 
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Fig. 7— Typical transfer characteristics. 



COLLECTOR MILLIAMPERES (I c ) 

92CS-II627 

Fig. 8— Typical audio-frequency noise-figure characteristic. 


TERMINAL CONNECTIONS 

Lead 1 — Emitter 

Lead 2 — Base 

Lead 3 — Collector, Case 




File No. 34 



Solid State 
Division 


Power Transistors 

2N1893 

2N2405 



Medium-Power Silicon 
N-P-N Planar Transistors 

For Small-Signal Applications 
In Industrial and Commercial Equipment 

Features: 

■ For operation at junction 
temperature up to 200°C 

■ Planar construction for 
low noise and low leakage 

■ Low output capacitance 


These devices are available with either VA- 
inch leads (TO-5 package) or ’/4-inch leads 
(TO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num- 
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 


RCA-2N2405 a and 2N1893 are silicon n-p-n planar tran- 
sistors intended for a variety of small-signal and medium- 
power applications. They feature exceptionally high collector- 
to-emitter sustaining voltage, low leakage characteristics, high 
switching speeds, and high pulse beta (hpE)- 
RCA-2N2405 is a direct replacement for type 2N 1 893 for most 
applications. In addition, the 2N2405 has higher voltage 
ratings, lower saturation voltages, and higher sustaining volt- 
ages than the 2N1893. 

A Formerly Dev. Type TA2235A. 


RCA-2N2405 Features: 

■ Minimum gain-bandwidth product (f j) of 120 MHz; 
useful in applications from dc to 50 MHz 

■ High sustaining voltage: 

VcEO(sus) = 90 V min. 

■ Low saturation voltages: 

VcE^sat) = 0.5 V max. at lc = 150 mA 
VgElsat) = 1.1 V max. at lc = 150 mA 


MAXIMUM RATINGS, Absolute-Maximum Values: 

*COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 
With external base-to-emitter resistance (Rbe) ^ 10 £2 . . 

With base-emitter junction reverse-biased 

* With base open 

*EM!TTER-TO-BASE VOLTAGE 

♦COLLECTOR CURRENT 

♦TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At free-air temperatures up to 25°C 

At temperatures above 25°C 

♦TEMPERATURE RANGE: 

Storage and operating (Junction) 

♦LEAD TEMPERATURE (During soldering): 

At distance from seating plane for 10 s max. 

>1/16 in. (1 .58 mm) for 2N1893 and 
> 1/32 in. (0.8 m m) for 2N2405 

♦ In accordance with JEDEC registration data format (JS-9 RDF-2) 



2N2405 

2N1893 


VCBO 

120 

120 

V 

VcER(sus) 

140 

100 

V 

VCEX(sus) 

120* 

120 

V 

VcEO( sus > 

90 

80 

V 

vebo 

7 

7 

V 

lc 

1 

0.5 

A 

PT 

5 

3 

W 


1 

0.8 

W 


See Figs. 1 and 2 



m 65 to +200 — ► 

°C 


255 ► °C 

• R be = 500 a (2N2405) 


9-73 
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2N1893. 2N2405 


File No. 34 


ELECTRICAL CHARACTERISTICS, Case Temperature (Tq) = 25°C Unless Otherwise Specified 





TEST CONDITIONS 

LIMITS 





DC 

DC 

DC 



n 





CHARACTERISTIC 

SYMBOL 

Collector 

Emitter 

Current 


Type 

Type 

UNITS 



Voltage (V) 

Voltage 

(V) 

(mA) 


2N2405 

2N1893 




V CB 

V CE 

V EB 

■c 

'E 

•b 

Min. 

Max. 

Min. 

Max. 


* 

Collector-Cutoff Current: 


90 




0 



0.01 


0.01 

mA 


T c - 150°C 

'c BO 

90 




0 



10 


15 

* 

Emitter-Cutoff Current 

•ebo 



5 

0 




0.01 


0.01 

mA 


C ol lector-to-Em itter 














Sustaining Voltage: 

v CEO (sus ) 




100° 


0 

90 





* 

With base open 





30° 


0 

90 


80 


V 

* 

With external base-to- 














emitter resistance 
(R B E> r 10Q 

V CER (SUS > 




100° 



140 


100 


V 


(R BE ) ~500 Q 





100° 



120 





* 

Collector-to-Base 

Breakdown Voltage 

V (BR)CBO 




0.1 

0 


120 


120 


V 

* 

Emitter-to-Base 






0.1 


7 


7 • 




Breakdown Voltage 

v (BR)EBO 




0 





* 

Collector-to-Emitter 

Vgjrfsat) 




150° 


15 


0.5 


5 

. 

v 


Saturation Voltage 




50° 


5 


0.2 


1.2 


* 

Base-to-Emitter 

Saturation Voltage 

Vg£(sat)- 




150° 

50° 


15 

5 


1.1 

0.9 

- 

1.3 

0.9 

V 

* 




10 


150° 



60 

200 

40 

120 


* 

DC Forward-Current 

h FE 


10 


10° 



35 


35 . 



* 

Transfer Ratio 


10 


0.1 





20 



* 

T C . -55°C 

h FE 


10 

10 


10 

10 



20 

. 


20 




Small-Signal Forward- 
Current Transfer Ratio: 













* 

f - 1 kHz 



5 


1 





30 

100 


* 

1 kHz 

^fe 


5 


5 



50 

275 




* 

1 kHz 



10 


5 





45 



* 

20 MHz 



10 


50 





2.5 




20 MHz 



10 


50 



6 

' 




* 

Input Resistance 

hk 

5 



1 



24 

34 

20 

30 

0 


(at f = 1 kHz) 

ib 

10 



5 



4 

8 

4 

8 

* 

Voltage-Feedback Ratio 

h u 

5 



1 




3 x 10* 4 


1.25 x 10' 4 



(at f * 1 kHz) 

"rb 

10 



5 




3 x 10* 4 


1.5 x 10' 4 


* 

Output Conductance 

h ob 

5 



1 




0.5 


0.5 

^mho 


(at f = 1 kHz) 

10 



5 




0.5 


0.5 

* 

Output Capacitance 

C obo 

10 




0 



15 


15 

PF 

* 

Input Capacitance 

^ibo 



0.5 

o 




80 


85 

PF 


Noise Figure (Wide-Band) 














Generator resistance (Rg) 

= 500 a 

Circuit Bandwidth (BW) 

= 15 kHz 

Reference signal 

NF 

10 



0.3 




6 



dB 


frequency = 1 kHz 













* 

Thermal Resistance: 














Junction-to-case 

s J-C 








35 


58.3 

°C/W 


Junction-to- ambient 

fj-A 








175 


219 


a Pulsed. Pulse duration = 300 M sec max.; duty factor < 2%. * In accordance with JEDEC registration data format (JS-9 RDF. 2). 
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File No. 34 


2N1893, 2N2405 



-75 -50 -25 0 25 50 75 100 125 150 175 200 


TEMPERATURE — ®C 92CS- 15735 

Fig.l - Dissipation derating curves for types 2N2405 
and 2N1893. 



2 4 6 8 |0 2 4 6 8 |0Q 2 4 

COLLECTOR- TO- EMITTER VOLTAGE (V C f— V 

92CS -I5736RI 


Fig.2 - Maximum operating areas for type 2N2405. 
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EgASjg^lLlAMpERES CThif lotBB 


COLLECTOR-TO-EMITTER VOLTS (VcE> 92 CS-IH 76 COLLECTOR-TO-EMITTER VOLTS (Vce> 92CS-I2076 

c ig.7 - Typical collector characteristics at 25°C for Fig.8 - Typical collector characteristics at 25 °C for 
type 2N2405. type 2NI893. 




COLLECTOR MILLIAMPERES {I 










2N1893, 2N2405 
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COLLECTOR MILLIAMPERES He)* IOO 

VcER^us) COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE WITH 
EXTERNAL RESISTANCE BETWEEN BASE ANO EMITTER 
VcEO(sus) COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE WITH BASE OPEN 
PULSE DURATION = 300 MICROSECONDS, DUTY FACTOR = 0.018 
FREE-AIR TEMPERATURE (Tfa) 1 25" ~ 


140 


i-u, 120 


8 
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1 
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1 
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2 


i 4 * 00 io " 102^ ’"io®* io= 

EXTERNAL BASE-TO- EMITTER RESISTANCE (R BE ) OHMS 

92CS II654R2 

Fig. 75 - Sustaining voltage characteristic for type 2N2405. 



COLLECTOR MILLIAMPERES (I c ) 


92CS 11656 

Fig.16 - Typical w ide-band noise characteristic for 
type 2N2405. 


COLLECTOR MILLIAMPERES (Ic)* 0.3 
COLLECTOR-TO-EMITTER VOLTAGE (Vce)« 10 VOLTS 
GENERATOR RESSISTANCE (OHMS)* 500 

EFFECTIVE BANDWITH OF MEASUREMENT CIRCUIT (CPS)* 1 
FREE-AIR TEMPERATURE (Tfa)* 25* C 
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10 I0 2 I0 3 I0 4 I0 5 

REFERENCE-SIGNAL FREQUENCY — CPS 

92CS 11657 


Fig. 77 - Typical narrow-band noise characteristic for 
type 2N2405. 


TERMINAL CONNECTIONS 

Lead 1 — Emitter 

Lead 2 — Base 

Lead 3 — Collector, Case 
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Solid State 
Division 


Power Transistors 
2N2015 2N2016 


RCA 2N2015 and 2N2016 are diffused-junction power 
transistors of the silicon n-p-n type having very high power- 
dissipation capabilities (150 watts). The 2N2015 and 2N2016 
are particularly useful in power-switching circuits such as 
those employed in dc-to-dc converters, inverters, choppers, 
and relay-control equipment. They are also extremely useful 
in oscillator, regulator, and pulse-amplifier circuits, and as 
class A and class B push-pull amplifiers for af and servo 
applications. 


Maximum Ratings, 


Absolute -Maximum Values: 

2N2015 2N201 6 


Typical Characteristics of 2N20I5 and 2H20I6 
at a Case Temperature 0 of 25° C: 


Collector- to-Base Capacitance, C^: 

(Vcb = 40 volts) 400 

Thermal Time Constant, T ^ 30 msec 

Forward Current-Transfer-Ratio 

Cutoff Frequency, f 25 Kc 


TERMINAL CONNECTIONS 


Lead 1 — Emitter 
Lead 2 — Collector, Case 
Lead 3 — Base 


High-Power 
Types for 
Military and 
Industrial 
Applications 


COLLECTOR- TO -BASE VOLTAGE. 
COLLECTOR- TO - EM I TTER 

100 

130 

max. 

vol t s 


VOLTAGE: 

With base open 




volts 


(Sustaining voltage) . 

50 

65 

max. 


EMITTER- TO- BASE VOLTAGE. . 

10 

10 

max. 

vol ts 

o 

COLLECTOR CURRENT 

10 

10 

max. 

amp 


EMITTER CURRENT. 

-13 

- 13 

max. 

amp 


BASE CURRENT 

TRANSISTOR DISSIPATION:* 

6 

6 

max. 

amp 

o 

At case temperatures 

up to 25° C 

At other case 

150 

150 

max. 

watts 

• 

temperatures 

See 

Fig-1 




TEMPERATURE RANGE: 





e 

Operating and Storage. . 

-65 to +200 


C 


LEAD TEMPERATURE, 






1/16" ± 1/32" from case, 
for immersion in molten 






solder for 10 sec. max.. 

235 

235 

max. 

°C 

* 



for operation at high junction temperatures — 
up to 200° C 

o very high dissipation rating -150 watts 

very low thermal resistance, junction - to- case — 
1.17° C/Watt 

very low saturation resistance -0.25 ohm max. 
at Iq= 5 amp,lg =0.5 amp 

JEDECTO-36 single- ended stud -type package 
with cold -weld hermetic seals 


IT 


-IOO -50 


-*•50 +100 +150 +200 

CASE TEMPERATURE — °C 


Fig. I - Rating Chart for Types 
2N20I5 and 2N20I6. 
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ELECTRICAL CHARACTERISTICS 

Case temperature = 25 ° C unless otherwise specified. 




TEST CONDITIONS 

LIMITS 




DC 

DC 

DC 

DC 

Col lector 
Current 

DC 

Base 

Current 






Characteristic 

Symbol 

| Coll ecto r- 
to-Base 
Voltage 

Col 1 ector- 
to-Emi tter 
Voltage 

Emi tter- 
to-Base 
Voltage 

Type 

2N20I5 

Type 

2N20I6 

Units 



V CB 

V CE 

V EB 

J C 

X B 








Volts 

Volts 

Volts 

Amperes 

Amperes 

Min. 

Max. 

Min. 

Max. 


Collector-Cutoff 












Current (1^ = 0) 
at case 

temperature of: 

!CB0 











25° C 


30 





- 

50 

- 

50 

mA 

150° C 


30 





- 

2 

- 

2 

mA 

Emitter-Cutoff Current 

lEBO 



10 




50 

- 

50 

mA 

DC Forward-Current 

hFE 


4 


5 


15 

50 

15 

50 


Transfer Ratio 


4 


10 


7.5 

- 

7.5 

- 


Col 1 ector-to-Emi tter 
Saturation Resistance 

R s 




5 

0.5 

- 

0.25 

- 

0.25 

ohm 

Base-to-Emi tter Vol tage 

Vbe 


4 


5 


- 

2.2 

- 

2.2 

volts 

Co 1 1 ecto r- to- Em i t te r 












Voltage: 

Sustaining voltage 

v CE0 










volts 

with base open 

With reverse bias 

(sus) 




0.2 

0 

“ 

50 

“ 

65 


between emitter 
and base 

V CEX 



1.5 

2 mA 


- 

100 

- 

130 

volts 

Thermal Resistance 

r t 











Junction-to-case 






- 

1.17 

- 

1.17 

°C/W 



Collector Supply Voltage (Vqq). ... 24 volts 

DC Base Bias Voltage (Vgg) 6 volts 

"On* DC Collector Current 10 amperes 

"Turn-On" Base Current 2 amperes 


RELAY OPENS— ^ 


RELAY / 
CLOSES / 

i L 


1 

— 90% 

\_JO% TIME 

1 TIME — * 

*d |»r 

» 


f *“ 

*— "off" time 


“ON* TIME. DELAY TIME (t«j) + RISE TIME (t r ) 4/isec 

“OFF" TIME .STORAGE TIME (t»)+FALL TIME (t f l .7/tSec 


Base Resistance (Rgj) 10 

Base Resistance (Rf^) 10 

Collector Resistance (R^) 2 

Switching Time: 

"On" Time 

[Delay time ( tj) + Rise time (t r )]. 4 

"Off" Time 

[Sto rage time (t s ) + Fall time (tfj). 7 


ohms 

ohms 

ohms 


/x sec 
/zsec 


Fig.2- Pulse-Response Test Circuit for Types 2N20I5 and 2N20I6. 




[i] 


[il 



Fig. Typical Collector Characteristics 
for Types 2N20I5 and 2H20I6. 


Fig. 7- Typical Operation Characteristics 
for Types 2N20I5 and 2N20I6. 
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Solid State 
Division 


Power Transistors 

2N2270 


Silicon N-P-N 
Planar Transistor 

General-Purpose Type for Small-Signal, 

Medium-Power Applications 

Features: 

■ Minimum gain-bandwidth 
product =100 MHz; useful in 
applications from dc to 20 MHz 

■ Operation at high junction 
temperatures 

■ Planar construction for low-noise 
and low-leakage characteristics 

■ Very low output capacitance 

RCA-2N2270 is a silicon n-p-n planar transistor intended for low noise and leakage characteristics, and very low output 
a wide variety of small-signal and medium-power applications capacitance, 
in military and industrial equipment. It features exceptionally 


These devices are available with either 156- 
inch leads (TO-5 package) or 56-inch leads 
(TO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num- 
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 



2N2270L 
JEDEC TO-5 


H-1380 



2N2270S 
JEDEC TO-39 

H-1381 


MAXIMUM RATINGS, Absolute-Maximum Values': 


* COLLECTOR-TO-BASE VOLTAGE V CB0 

COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-to-emitter resistance (R BE ) <1012 Vq EB 

* With base open VqeEC) 

* EMITTER-TO-BASE VOLTAGE V EB0 

* COLLECTOR CURRENT I c 

* TRANSISTOR DISSIPATION: P T 


At case temperatures up to 25°C 

At case temperatures above 25°C 

At free-air temperatures up to 25°C 

At free-air temperatures above 25°C 

* TEMPERATURE RANGE: 

Storage and operating (Junction) 

* LEAD TEMPERATURE (During soldering): 

At distance >1/16 in. (1 .58 mm) from seating plane for 10 s max 


*ln accordance with JEDEC registration data format (JS-6 RDF-1) 


60 V 

60 V 

45 V 

7 V 

1 A 

5 W 

See Fig. 1 

1 W 

See Fig. 1 

-65 to +200 °C 

230 °C 
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2N2270 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C unless otherwise specified 


CHARACTERISTIC 

SYMBOL 

VOLTAGE 

V 

CURRENT 

mA 

LIMITS 

UNITS 

V CB 

< 

o 

m 

< 

m 

CD 

*C 

'E 

■b 

MIN. 

MAX. 

Collector Cutoff Current: 
With emitter open 

'CBO 

60 




0 



0.05 

pA 

At T c = 150°C 

60 




0 


- 

50 

Emitter Cutoff Current 

'ebo 



5 

0 



- 

0.1 

pA 

Collector-to-Base 
Breakdown Voltage 

V (BR)CBO 




0.05 

/iA 

0 


60 

- 

V 

Emitter-to-Base 

Breakdown Voltage 

v (BR)EBO 




0 

0.1 


7 

- 

V 

Collector-to-Emitter 
Sustaining Voltage: 

With external base-to- 

emitter resistance 
(R BE ) = 10H 

V C er( sus ) 




100 a 



60 

- 

V 

With base open 

v CEO( sus ) 




100 a 


0 

45 

- 

Collector-to-Emitter 
Saturation Voltage 

V CE (sat) 




150 a 


15 

- 

0.9 

V 

Base-to- Emitter 

Saturation Voltage 

V BE (sat) 




1 50 a 


15 

- 

1.2 

V 

DC Forward Current 

Transfer Ratio 

h FE 


10 

10 


150 a 

1 



50 

30 

200 


Small-Signal Forward 
Current Transfer 

Ratio: 

f = 1 kHz 

f = 20 MHz 

tye 


10 

10 


5 

50 



50 

5 

275 


Gain-Bandwidth Product 

f T 


10 


50 



100 

- 

MHz 

Noise Figure: 

Generator resistance 
(R g )= 1 kft 

Circuit bandwidth 
(BW) = 1 Hz 
f = 1 kHz 

NF 


10 

<V CC > 


0.3 



- 

10 

dB 

Output Capacitance 

o° 

cr 

10 




0 


- 

15 

PF 

Input Capacitance 

c ib 



0.5 

0 



- 

80 

PF 

Saturated Switching Time 
(See Fig. 8) 

t d +t r +t s +t f 







- 

30 

ns 

Thermal Resistance: 
Junction-to-case 

R 0JC 








35 

°C/W 

Junction-to-free air 

R 0FA 







- 

175 


* In accordance with JEDEC registration data format (JS-6 RDF-1 ) 
a Pulsed: Pulse duration = 300 ns; duty factor = 1 .8% 
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COLLECTOR CURRENT (I c )=0 
EMITTER CURRENT (I E )=0 
FREE-AIR TEMPERATURE (Tfa)=25° C 


^EMITTER-TRANSITION CAPACITANCE FOR V B J 


mm n m mm 






o rm 1 1 mi l 1 ml 1 1 1 m 1 1 h'H 1 1 1 H § 1 1 § 1 1 1 1 1111 

-75 -50 -25 0 25 50 75 100 125 150 175 200 


OUTPUT CAPACITANCE FOR V CB 


REVERSE-BIAS VOLTS (V BE OR V CB ) 


Fig. 1- Rating chart. 


Fig. 2-Typical emitter-transition-capacitance and output- 
capacitance characteristics. 


I COMMON-EMITTER CIRCUIT, BASE INPUT. | 
FREE-AIR TEMPERATURE (T FA )=25° C 



US 
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2N2270 



Fig. 7— Typical af noise-figure characteristics. 


-50 V . +20 V 



** Adjust for ± 1-Volt Pulse at “A" 

'** Rise Time < 0.4 nsec: Input Impedance 
(Through Probe) = 2000 ohms 



Fig. 8— Test circuit for measurement of saturated switching time and associated waveforms. 


TERMINAL CONNECTIONS 

Lead 1 - Emitter 

Lead 2 — Base 

Lead 3 — Collector, Case 
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Solid State 
Division 


RF Power Transistors 

2N2857 


RCA-2N2857 is a do ub 1 e - d i f f u s e d 
epitaxial planar transistor of the silicon 
n-p-n type. It is extremely useful in 
low-noise- ampli fier, oscillator, and con- 
verter applications at frequencies up to 
500 MHz in the common-emitter configuration, 
and up to 1200 MHz in the common-base 
configuration. 

The 2N2857 utilizes a hermetically 
sealed four-lead JEDEC TO-72 package. All 
active elements of the transistor are insu- 
lated from the case, which may be grounded 
by means of the fourth lead in app 1 i cat ions 
requiring shielding of the device. 


Maximum Ratings, Absolute-Maximum Values : 

COLLECTOR- TO- BASE VOLTAGE, VcBO- ■ 30 max. V 

COLLECTOR- TO- EMITTER VOLTAGE, VcEO 15 max. V 

EMITTER- TO- BASE VOLTAGE, V E m- • • 2. 5 max. V 

COLLECTOR CURRENT, Ic 40 max. mA 

TRANSISTOR DISSIPATION. Pj: 

At case tem-iup to 25° C 300 max. mW 

peratures* Vabove 25° C. . Derate at 1.72 mW/C 

At ambient /up to 25°C 200 max. mW 

temperatures Vabove 25° C. . Derate at 1.14 mVV/°C 


TEMPERATURE RANGE: 

Storage andOperating (Junction) -65 to +200 C 
LEAD TEMPERATURE (During soldering): 

At distances > 1/32 inch from 
seating surface for 10 

seconds max . . 265 max. °C 


Measured at center of seating surface. 



NOTE I: (NEUTRALIZATION PROCEDURE) : (A) CONNECT A 

4 50- MHz SIGNAL GENERATOR (WITH Rg = 50 O) TO THE 
INPUT TERMINALS OF THE AMPLIFIER. (B) CONNECT A 
50-fi RF VOLTMETER ACROSS THE OUTPUT TERMINALS OF 
THE AMPLIFIER. (C) APPLY V EE) AND WITH THE SIGNAL 
GENERATOR ADJUSTED FOR 5 mV OUTPUT FROM THE AMPLI - 
FIER, TUNE Cl, C3, AND C 4 FOR MAXIMUM OUTPUT. 


SILICON N-P-N 
EPITAXIAL PLANAR 
TRANSISTOR 

For UHF Applications to-™ 

in Industrial and Military Equipment 

FEATURES 

• high g a i n- bandw i d th product — 
fj = 1000 MHz min. 

• high converter (450-to-30 MHz) gain — 

G c = 15 dB typ. for circuit bandwidth of 
ap p rox i mate 1 y 2 MHz 

• high power gain as neutral ized ampl ifier — 
G pe = 12.5 dB min. at i+5 0 MHz for circuit 
bandwidth of 20 MHz 

• high power output as uhf oscillator — 

p (30 mW min., 40 mW typ. at 500 MHz 
0 = j 20 mW typ. , at I GHz 

• low device noise figure — 

p _ j • 5 dB max. as 450 MHz amplifier 
<7.5 dB typ. as 450-to-30 MHz converter 

• low collector-to-base time constant — 
r b 'C c = 7 ps typ. 

• low collector-to-base feedback capacitance — 
C cb = 0.6 pF typ. 



(D) INTERCHANGE THE CONNECTIONS TO THE SIGNAL 
GENERATOR AND THE RF- VOLTMETER. (E) WITH SUF- 
FICIENT SIGNAL APPLIED TO THE OUTPUT TERMINALS OF 
THE AMPLIFIER, ADJUST C2 FOR A MINIMUM INDICATION 
AT THE INPUT. (F) REPEAT STEPS (A), (B), AND (C) 
TO DETERMINE IF RETUNING IS NECESSARY. 


NOTE 2: Ll &L 2 — SILVER-PLATED BRASS ROD, 1-1/2" 
LONG x 1/4" DIA. INSTALL AT LEAST 1/2" FROM 
NEAREST VERTICAL CHASSIS SURFACE. 


NOTE 3: EXTERNAL INTERLEAD SHIELD TO ISOLATE THE 
COLLECTOR LEAD FROM THE EMITTER AND BASE LEADS. 


Fi g. I - Neutral i zed ampl ifier c i rcu i t used to 
measure 450 MHz power gain and noise f igure 
for type 2N2857. 
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2N2857 


ELECTRICAL CHARACTERISTICS, At an Ambient Temperature , Tj[ ~ 25° C, Unless Otherwise Specified 


Characteristic 

Symbol 

Frequency 

f 

TEST CONDITIONS 

LIMITS 

Units 

DC 

Col 1 ecto r- 
to-Base 
Vol tage 
V CB 

DC 

Col 1 ecto r- 
io-Emi tter 
Vol tage 
V CE 

DC 

Emi tter- 
to-Base 
Vol tage 

Veb 

DC 

Emitter 

Current 

*E 

DC 

Base 

Current 

'b 

DC 

Col lec- 
tor 

Current 

>c 

Type 

2N2857 

MHz 

V 

V 

V 

mA 

mA 

mA 

Min. 

Typ. 

Max. 

Col lector-Cutoff 
Current 

1 CBO 

TA = 25°C 
Ta = I50°C 

15 

15 



0 

0 



- 

- 

10 

1.0 

nA 

mA 

Col lector- to- Base 
Breakdown Voltage 

BVCB0 





0 


0.Q0I 

30 

- 

- 

V 

Col 1 ecto r- to- Em i tte r 
Breakdown Voltage 

bv ceo 






0 

3 

15 

- 

- 

V 

Emi tte r-to- Base 
Breakdown Vol tage 

BVeBO 





-0.01 


0 

2.5 

- 

- 

V 

Static Forward- 
Current Transfer 

Ratio 

b FE 



1 




3 

30 

- 

150 


Small-Signal Forward- 
Current Transfer 

Ratio 

h fe 

0.001^ 

100° 


6 

6 




2 

5 

50 

10 

- 

220 

19 


Col lector- to-Base 
Feedback Capacitance 

Ccb 

0. 1 to l b 

10 



0 



- 

0.6 

1.0 

PF 

Input Capacitance 

Cib 

0. 1 to l a 



0.5 



0 

- 

1.4 


PF 

Col lector- to- Base 

Time Constant 

r b'«c 

31. 9 C 

6 



-2 



4 

7 

15 

PS 

Small-Signal, Common- 
Emitter Power Gain in 
Neutral ized Ampl i f ier 

Ci rcuit (See Fig. 1 ) 

G pe 

450 ° 


6 




1.5 

12.5 

- 

19 

dB 

Power Output as Oscil- 
lator (Sea Fig. 2) 

Po 

> 500 a 

10 



-12 



30 

- 

- 

mW 

UHF Device Noise Figure 

NF 

450 c , d, f 


6 




1.5 

- 

3.8 

4.5 

dB 

UHF Measured Noise 
Figure 

NF 

i*50 c ’ d 


6 




1.5 

- 

- 

5.0 

dB 

VHF Device Noise Figure 

NF 

60b, d 


6 




1 

- 

2.2 

- 

dB 


Fourth lead (case) not connected 

Three- terminal measurement: Lead No. 1 (Emitter) and lead No. 4 (Case) connected to guard terminal . 

C Fourth lead (case) grounded. 

Generator resistance, FL = 50 ohms. 

0 k 

Generator ' resi stance, Rg = 400 ohms. 

Device noise figure is approximately 0.5 dB lower than the measured noise figure. The difference is due to the 
insertion loss at the input of the test circuit (0. 25 dB) and the contribution of the following stages in the test set- 
up (0.25'dB). 



Fi g. 2 - Osci 1 1 ator circuit used to measure 500-MHz 
power output for type 2N2857. 


Q = 2N2857 
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92CS- 14169 

Fig. 3 - Smal 1-signal beta characteristic 
for type 2N2857. 




92CS-I2I49RI 


Fi g. 7 - Forward transadmittance (yf e ). 



92CS-I2483RI 

Fig. 4 - Rating chart for type 2H2857. 


COMMON-EMITTER CIRCUIT: INPUT 

SHORT-CIRCUITED. 4:: 

FREQUENCY (f)=450 MHz B± ::::: 

AMBIENT TEMPERATURE (T A ) * 25° C 

1 

1 

11 

5 

1 1 T I 1 1 1 1 1 
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ioeffi: 
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COLLECTOR MILLIAMPERES (Ic) 


_ . .... . . 92CS-I2I48RI 

Fig. 6- Output admittance (y oe ). 
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Fi g. 8 - Reverse transadmittance (y re ). 
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2N2857 


COMMON -EMITTER CIRCUIT. BASE INPUT; 

OUTPUT SHORT-CIRCUITED. 
COLLECTOR-TO-EMITTER VOLTS (V CE ) *6 
COLLECTOR MILLIAMPERES (Ir) *1.5 
AMBIENT TEMPERATURE (T a ) = 25 °C 
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COMMON-EMITTER CIRCUIT: INPUT 
SHORT-CIRCUITED. 

COLLECTOR-TO-EMITTER. VOLTS (V CE ) = 6 
COLLECTOR MILLIAMPERES (!<;)* 1.5 
AMBIENT TEMPERATURE (T A ) = 25*C 
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Fig. 9- Input admittance (yj e ). 


Fi g. 10 - Output admittance ( Y oe ) • 
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COMMON-EMITTER CIRCUIT; INPUT SHORT-CIRCUITED. 
COLLECTOR-TO-EMITTER VOLTS (V CE ) = 6 

COLLECTOR MILLIAMPERES (X C ) = I.5 

AMBIENT TEMPERATURE (T A ) = 25° C 
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Fi g. I I - Forward transadmittance ( y f e ) • 


Fi g. 12 - Reverse transadmittance (y re ). 


TERMINAL CONNECTIONS 

Lead 1 — Emitter 
Lead 2 — Base 
Lead 3 — Collector 
Lead 4 — Connected to case 
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Solid State 
Division 


Power Transistors 
2N2895 
2N2896 
2N2897 



Silicon N-P-N 
Planar Transistors 

General-Purpose Types for Small-Signal, and 
Low-to-Medium-Power Applications 

Features: 

h High minimum gain-bandwidth products 
useful in applications from dc to 40 MHz 

■ Operation at high junction temperatures 

■ Planar construction for low-noise and low-leakage characteristics 

■ Very low output capacitance 

■ High switching-speed capabilities (non-sat) 


RCA 2N2895, 2N2896, and 2N2897 are silicon n-p-n planar 
transistors intended for a wide variety of small-signal and low- 
to-medium-power applications in military and industrial equip- 
ment. 

These transistors areTO-18 versions of RCA's versatile 2N2102 
family of n-p-n silicon transistors for small-signal and medium- 


power military and industrial applications. 

These transistors feature extremely low leakage characteristics, 
high pulse dc beta, high small-signal beta, very low output 
capacitance, and large gain-bandwidth products. Type 2N2895 
also has an exceptionally low noise figure of 8 dB max. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-to-emitter resistance (RgE^ ^ 10 ft 

With base open ? 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

At free-air temperatures up to 25°C 

At free-air temperatures above 25°C 

TEMPERATURE RANGE: 

Storage and operating (junction) 

LEAD TEMPERATURE (During soldering): 

At distance ^ 1/32 in. (0.8 mm) from seating plane for 10 s max. . . 



2N2895 

2N2896 

2N2897 


V CBO 

120 

140 

60 

V 

V CER 

80 

140 

60 

V 

V CEO 

65 

90 

45 

V 

V EBO 

7 

7 

7 

V 

‘c 

1 

1 

1 

A 

P T 

1.8 

1.8 

1.8 

W 



See Fig. 1 




0.5 

0.5 

0.5 

W 



See Fig. 1 





-65 to +200 


°c 



255 


°c 
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File No. 143 _____ 2N2895-2N2897 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25°C unless otherwise specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

Vdc 

CURRENT 

mA dc 

2N2895 

2N2896 

2N2897 

< 

o 

cn 

V CE 

•c 

'b 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Collector Cutoff Current: 

With emitter open 

'CBO 

90 

60 




- 

0.002 

- 

0.01 

- 

0.05 

/iA 

At T c = 150°C 

90 

60 





2 

_ 

10 

-■ 

50 

Emitter Cutoff Current 
(V EB = 5 V) 

n 



0 


- 

0.002 

B 


B 


ma 

DC Forward-Current Transfer 

Ratio 

h F E 


10 

10 

10 

10 

10 

150 a 

500 a 

0.1 

1 

10 


40 

25 

20 

35 

120 

60 

35 

200 

50 

35 

200 

1 

At T c = — 55°C 






- 


- 

- 

- 

Collector-to-Base Breakdown 
Voltage: 

With emitter open 

v (BR)CBO 




1 

120 

- 

140 

1 


■ 


Emitter-to-Base Breakdown 
Voltage 
(l E = 0.1 mA) 

v (BR)EB0 




1 

7 

- 

7 

B 

1 

fl 

1 

Collector-to-Emitter 

Sustaining Voltage: 

With base open 

v CEO^ sus > 

■ 



0 

65 

B 


B 



1 

With external base-to-emitter 
resistance (R BE ) = 10 ^ 

V C er( sus ) 



100 a 


80 

- 


B 


■ 

Col 1 ector-to- Em itter 

Saturation Voltage 

VQ E (sat) 





■ 


B 

KM 


m 

D 

Base-to- Em itter Saturation 
Voltage 

V BE (sat) 





■ 


B 



1.3 

V 

Common-Emitter, Small- 
Signal, Forward-Current 
Transfer Ratio: 

f = 1 kHz 

= 20 MHz 

h fe 


5 

10 

5 

50 


50 

6 

200 

50 

6 

275 

50 

5 

275 


Noise Figure: 

Generator resistance = 

510 £7, circuit bandwidth 
= 1 cps, f = 1 kHz 

NF 


10 

0.3 

1 

1 


1 

1 

1 

- 

dB 

Output Capacitance: 

(l E =0, f=140 kHz) 


10 




■ 




B 

15 

pF 

Input Capacitance: 

(V eb = 0.5 V, f=140 kHz) 




0 


■ 


B 



80 


Thermal Resistance: 

Junction-to-case 

R 0JC 




1 

■ 


B 


fl 

97 


Junction-to-free air 

R 0JFA 





- 

350 

- 

350 


350 


a Pulsed, pulse duration = 300 /zs, duty factor = 1.8%. 
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Fig. 3— Typical collector characteristics at 100° C for 
2N2896 and 2N2897. 


COMMON-EM 
FREE -AIR TE 

TTER CIRCU 
MPERATURC 

T, BAS 
(Tfa)> 

INP 

25* 

JT. ^ 

1 


i 











50° 

H 4°0 gf 
uj HE 

ill 

Em 

■ i" uni' 

; 33§i 

.iV 1 

is::! 

sjli 

sj; 

::£! 

IB 

s::^s: 

Si!-,; 5 
s:::: : 

: 

iliii i 

m 

liiii 

iiii; 

Bill 

iiiii 

m 

iiiiii 

::::: 

iiiii 

llil! 

::£:! 


::: 

iii 

ii: 

Hi 

::: 

jj: 

|j| 











■ 

isFjliiii 
ESS 
£ Oil 

f mil 
: :£:£:£ 
i aaaaaa 
i £::::: 
s aaaaaa 

llil 

:::: 

1 

r s; 

m 

::: 

jijjj l 

;:jjj i 

: 

m 
■«■■■ : 
SaSaa-a 
ii::: i 
i aaaha 
iiii"i 

1 

iOi 

iiiii! 

iiiii! 

iiiiii 

iiiii. 

ill 

iiiii: 

iiiiii 

iiiiii 

{{{:! 

is::! 

1 

iiii! 

iiiii 

iiii! 

::::: 

II 

i 

i 

1 

iii 

i 

1 

■ii* 












0 2 4 6 8 10 

COLLECTOR-TO-EMITTER VOLTS (V CE ) 


92CS-I2097 

Fig. 5— Typical collector characteristics at 25° C for 
2N2896 and 2N2897. 
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Fig. 2— Typical collector characteristics at lOOPC for 2N2895. 
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Fig. 4— Typical collector characteristics at 25° C for 2N2895. 
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Fig. 6— Typical collector characteristics at 25° C for 2N2895. 
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_ 2N2895— 2IM2897 


COMMON-EMITTER CIRCUIT, BASE INPUT. :? Jj j {{.'jit " 
FREE-AIR TEMPERATURE (T FA )- 25* C '£i ! ::: 




I 50 100 150 200 

COLLECTOR-TO-EMITTER VOLTS (V CE ) 





COLLECTOR-TO-EMITTER VOLTS (V CE ) 


Fig. 7— Typical collector characteristics at 25° C for 2N2896. 


Fig. 8— Typical collector characteristics at 25° C for 2N2897. 






JUNCTION TEMPERATURE (Tj) C 

92CS-I2I24 

Fig. 13— Typical collector-cutoff-current characteristics for 
2N2895 and 2N2896. 


Fig. 14— Typical collector-to-emitter-voltage characteristic 
for 2N2895. 


V C ER*COLLECTOR-TO-EMITTER voltage with external resistance 
BETWEEN BASE ANO EMITTER 
Vceo * COLLECTOR-TO-EMITTER VOLTAGE WITH BASE OPEN 
COLLECTOR MILLIAMPERES (Ic) * 100 
FREE-AIR TEMPERATURE (Tfa)=25* C 


P V CE R 

r iso r -r~t 


• 2 4 6 el 2 4 6 8 I 2 4 6 8 I 2 4 6 8 I 2 4 6 8 I 

I 10 I0 2 lO 3 I0 4 I0 5 

EXTERNAL BASE-TO-EMITTER RESISTANCE (Rbe)— OHMS 

92CS-I2I22 

Fig. 15— Typical collector-to-emitter-voltage characteristic for 2N2896. 
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COLLECTOR MIL! IAMPERES (I C ) 

92CS-I2II5 

Fig. 16— Typical dc beta characteristics for 2N2895. 


~ COMMON-EMITTER CIRCUIT, BASE INPUT, 

u. COLLECTOR-TO-EMITTER VOLTS <V CE )-IO ~ 


COMMON-EMITTER CIRCUIT, BASE INPUT. 
' FREQUENCY' 20 Me 
FREE -AIR TEMPERATURE (Tfa)=25° C 



COLLECTOR MILLIAMPERES (Ic) 

92CS- 12123 

Fig. 17— Typical dc beta characteristics for 2N2896 and 2N2897. 



COLLECTOR MILLIAMPERES (Ic) 92CS-III7I 

Fig. 18— Typical small-signal beta characteristics for all types. 
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2N2895— 2W2897 



Fig. 19— Typical emitter-transition capacitance and 

output-capacitance characteristics for all types. 



92CS-I2093 


Fig. 20— Typical af noise-figure characteristics for 2N2895. 


TERMINAL CONNECTIONS 

Lead 1 — Emitter 

Lead 2 — Base 

Lead 3 — Collector 

Lead 4 — Connected to case 
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Solid State 
Division 


Power Transistors 

2N3053 
40389 40392 



General-Purpose, Medium-Power 
Silicon N-P-N Planar Transistors 

For Small-Signal Applications 
In Industrial and Commercial Equipment 

Features: 

B Maximum safe-area-of-operation 
curve 

■ Forward- and reverse-bias operation 

without second breakdown 

■ Low leakage current 


These devices are available with either VA- 
inch leads (TO-5 package) or %-inch leads 
(TO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num- 
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 


RCA-2N3053 is a silicon n-p-n planar transistor useful up 
to 20 MHz in small-signal, medium-power applications. Type 
40389 is a 2N3053 with a factory-attached diamond-shaped 
mounting flange. 


Applications: 

■ Audio amplifiers 

■ Controlled amplifiers 

■ Power supplies 

■ Power oscillators 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 
With external base-to-emitter resistance 

(Rbe) = 10 12 

With base open 

With base-emitter-junction reverse-biased 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At free-air temperatures up to 25°C 

At temperatures above 25°C 

TEMPERATURE RANGE: 

Storage and operating (Junction) 

LEAD TEMPERATURE (During soldering): 

At distance > 1/32 in. (0.8 mm) from 
seating plane for 10 s max 



2N3053 

40392 


VCBO 

60 

60 

V 

VCER(sus) 

50 

50 

V 

VcEO( sl| s) 

40 

40 

V 

VcEV^us) 

60 

60 

V 

vebo 

5 

5 

V 

'c 

PT 

0.7 

0.7 

A 


5 7 W 

(40392) 

1 3.5 W 

(40389) 

See Figs. 1 , 2, and 3 
-65 to +200 °C 


235 ► OC 
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. 2N3053, 40389, 40392 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T C )=25°C 



Output Capacitance 


Input Capacitance 


Thermal Resistance 
Junction-to-Case 


Junction-to-Free Air 


25(max.) 

40392 


175(max.) °C/W 
2N3053 

50(max.) °C/W 
40389 


a Pulsed; pulse duration = 300^ s , duty factor = 1.8%. 
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2N3053, 40389, 40392 
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BASE-TO-EMITTER VOLTAGE (V BE » - V »2C3-I2M8RI 

Fig. 9 - Typical transfer characteristics for all types. 



O 10 20 30 40 50 60 TO 


COLLECTOR-TO-EMITTER VOLTAGE <V CE )— v 

Fig. 10 - Typical variation of gain -bandwidth product with !q 
and Vqe for all types. 


TERMINAL CONNECTIONS 

Lead 1 — Emitter 
Lead 2 — Base 
Lead 3 - Collector 
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Solid State 
Division 


Power Transistors 

2N3054 2N6260 2N6261 
40372 40910 40911 



JED EC TO-66 

With Integral Heat Radiator 


Hometaxial II* Medium- Power 
Silicon N-P-N Transistors 

Rugged Devices for Intermediate-Power Applications in 
Industrial and Commercial Equipment 

Features: 

a fj = 800 kHz at 0.2 A (2N3054, 40372) 

d Maximum safe-area-of-operation curves for dc and pulse 
operation 

a V CEV (sus) = 90 V min (2N3054, 2N6261) 
a Low saturation voltage: V^Eisat) = 1.0 V at Iq = 0.5 A 
(2N3054) 


RCA 2N3054, 2N6260, and 2N6061 are hometaxial-base® 
silicon n-p-n transistors intended for a wide variety of 
medium- to high-power applications. 

Types 40372, 40910, and 40911 are the 2N3054, 2N6260, 
and 2N6061 with factory-attached heat radiators intended 
for printed-circuit-board applications. 

® "Hometaxial" was coined by RCA from "homogeneous" and 
"axial" to describe a single-diffused transistor with a base region of 
homogeneous-resistivity in the axial direction (emitter-to-collector). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


*COLLECTOR-TO-BASE VOLTAGE . . . 
COLLECTOR-TO-EMITTER VOLTAGE: 

* With base open 

* With external base-to-emitter 

resistance (R BB ) = 100£2 

With base reverse-biased 

(V be =^- 5V ) •••• 

*EMITTER-TO-BASE VOLTAGE 

* CONTINUOUS COLLECTOR 

CURRENT 

CONTINUOUS BASE CURRENT 

TRANSISTOR DISSIPATION: 

* At case temperature up to 25°C 

At ambient temperatures up to 25°C . 

* At temperatures above 25°C 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

*PIN TEMPERATURE (During Soldering): 
At distance ^1/32 in. (0.8 mm) 
from seating plane for 10 s max 


Applications: 

o Power switching circuits 

b Series- and shunt-regulator driver and output stages 
a High-fidelity amplifiers 
b Solenoid drivers 


"Hometaxial II" is a term used to describe RCA's expanded line of 


; produced by 

the hometaxial 

process. 




2N6260 

2N3054 

2N6261 



40910 

40372 

40911 


V CBO 

50 

90 

90 

V 

V CEO 

40 

55 

80 

V 

V C er< sus ) 

45 

60 

85 

V 

v CEV (sus) 

50 

90 

90 

V 

V EBO 

5 

7 

7 

V 

■c 

3 

4 

4 

A 

•b 

2 

2 

2 

A 

P T 

29 

25 

50 

W 


(2N6260) 

(2N3054) 

(2N6261) 



5.8 

5.8 

5.8 

W 


(40910) 

(40372) 

(40911) 



See Figs. 4 & 1 1 SeeFigs.4&9 See Figs. 1&7 


-65 to 200 ► °C 

— 235 * °C 


*ln accordance with JEDEC registration data format JS-9 RDF-10 (2N3054), JS-6 RDF-2 (2N6260, 2N6261 ) 
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2N3054, 2N6260, 2N6261, 40372, 40910, 4091 1 


File No. 527 


ELECTRICAL CHARACTERISTICS, At Case Temperature ( Tq ) = 25° C unless otherwise specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

2N6260 

40910 

2N3054 

40372 

2N6261 

40911 

VOLTAGE 

V dc 

CURRENT 

A dc 

HI 

>° 

V BE 

a 

B 






1 

Collector-Cutoff Current: 



■ 

■ 


■ 

■ 

B 


B 



With base open 

'CEO 

30 



0 

■ 

jjj 

B 

0.5 

B 

- 

mA 



60 


bb 

0 




- ■ 

■ 

0.5 




40 

BB 

■ 

■I 

B 

MM 

B 

- 

Bl 

B 


With base-emitter 

( CEX 

80 



■ 

B 

B 

yj| 

- 

B 

a&a 

mA 

junction reverse-biased 


90 

-1.5 

■ 

■ 

■ 

B 

B 

1.0 

B 

B 




40 

-1.5 

m 


B 

25 

n 

- 

B 

- 


At T c = 150°C 

’CEX 

80 

-1 .5 


■ 

B 

- 

B 

- 

B 

1.0 

mA 



90 

-1.5 



H 

- 

■ 

6.0 

B 

- 





-5 



mm 

■i 

_ 

mm 


HB 


Emitter-Cutoff Current 

'ebo 

. 

-7 


■ 

B 

B 

- 

B 

H 


mA 

Collector-to-Emitter 













Sustaining Voltage: 













With base open 

v CEO* suS * 



0.1 a 

0 

40 

- 

55 

- 

80 

- 

V 

With external base-to- 













emitter resistance 

VcER^ suS > 



0.1 a 


45 

- 

60 

- 

85 

- 

V 

(r rf ) = ioo£2 





BH 









B B 

■2 


4 a 


3 

- 

- 

- 

5 

- 

Bj 


■ 


■ 

1.5 a 

■ 

- 

- 

- 

- 

25 

100 

KbbI 

DC Forward-Current 


B - ^ - ^ 

■ 

3 a 

■ 

- 

- 

5 

- 

- 

- 

B 

Transfer Ratio 



■ 

0.5 a 

§1 

- . 

- 

25 

150 

- 

- 

. b 




B 

1.5 a 


20 

100 

_ 

_ 

- 

■ _ 

1 

ColJector-to-Emitter 

MMHilllM 

■ b 


0.5 a 

0.05 a 

B 

- 

- 

1.0 



V 

Saturation Voltage 

■n 

1 


1.5 a 

0.1 5 a 

B 

1.5 

- 

- 

B 

0.5 



W 



3 a 

1 a 

Hi 

_ 

_ 

6.0 





■ ■ 

■ 

B B 

1.5 

■ 

B 

B 

■ 

- 

a 

1.5 


Base-to-Emitter Voltage 



■ B 

1.5 

■ 

B 



_ 

B 

_ 

V 


Warn 



0.5 


H 

m 

B 

1.7 

B 

_ 


Common-Emittei; Small-Signal, 

B 

■ 

■ 


■ 


B 


B 


WM 


Short-Circuit, Forward 

■ 

■ 

■ ■ 










Current Transfer Ratio 

| 

j B 

■ B 

0.1 

ftj 

0.03 

1 

0.03 

I 

0.03 

B 

MHz 

Cutoff Frequency 

Bk^B 

1 

■ 










Magnitude of Common- 


■ 

B B 



■ 

■ 

■j 

■i 

B 

B 

■■Bj 

Emitter, Small-Signal, 



■ 



B 



B 

■ 

■I 

BBS I 

Short-Circuit Forward 

Ihfel 


■ 

0.1 

'§ 

H 

B 

9 

B 


B 

B 

Current Transfer Ratio 


■ 

■ B 



B 




B 


B|H 

(f = 0.4 MHz) 






■ 

B 

■ 

B 

B 



Common-Emitter, 













Small-Signal, Short- 













Circuit Forward 

h fe 

4 


0.1 


25 

_ 

25 

- 

25 

- 


Current Transfer Ratio 













(f = 1 kHz) 













Forward-Bias Second 


40 




0.725 

- 

- 

- 

- 

_ 


Breakdown Collector 

’s/b 

80 




- 

- 

- 

- 

0.625 

- 

A 

Current (t = Is) 


55 




- 

_ 

0.455 

- 

- 

- 


Thermal Resistance: 






6 (max.) 

7 (max.) 

*3.5 (max.) 


Junction -to -Case 

R 0JC 





2N6260 

2N3054 

2N6261 

°C/W 

Junction-to-Ambient 






30 (max.) 

30 (max.) 

30 (max.) 


r 0ja 





40910 

40372 

40911 



a Pulsed: Pulse duration = 300 jUs, duty factor = 1 .8%. 

♦In accordance with JEDEC registration data format JS- 9 RDF -10 (2N 3054) JS-6 RDF -2 (2N6260-61) 
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2N3054, 2N6260, 2N6261, 40372, 40910, 40911 



92CS-I9520 



Fig.2-Current derating curve for all types. 



NUMBER OF THERMAL CYCLES 


Fig.3- Thermal-cycle rating chart for type 2N6261. 


TERMINAL CONNECTIONS 
FOR 40372, 40910 & 40911 


Pin 1 - Base 
Pin 2 - Emitter 

Case, Mounting Flange - Collector 


TERMINAL CONNECTIONS 
FOR 2N3054, 2N6260, & 2N6261 


Pin 1 - Base 

Pin 2 - Emitter 

Heat Radiator-Collector 






File No. 527 


2N3054, 2N6260, 2N6261, 40372, 40910, 40911 


i 75 

X 

Q. 

z 

o 

<c5 

igso 







__ 

















:i 


“ ^ 



:: 




::: 




£ 





;i 


in 



:: 




i: 




6 T- 




so 

ESi 


:n 



:: 




ii 




a 





!■! 


?~i 


» 

:: 

in 



ii 




o 





:r 



■■ 

II 

:: 








5 K 





:: 


ISi 


IB 

:: 












!5i 

■■ 


ssa 


11 

!■ 

■ 

in 

in 


::: 





4 Is 

5 N 

fcl“ 

Is 

£ 25 

l- 

z 

D 

z 

1 






■ 

■ 

i'l 

» 

25 

■ 

■ 

hi 

in 

■■ 

■■ 

SSS 





a M 




■■ 

m 


■lil 


■ 



XI- 





I O Q. 




■■ 

s 

■ 

■■■ 

in 

K5 

■V 

SSS 

■S 

::::: 










■ 

■ 

IBI 

Kai 

T3 

in 







: z £ 








X. V 


in 







<£ 





:i 


:n 

44 

ct, 

E 

ia.t 

n 

:n 


:i: 



;2 £ 




in 

■■■ 

■■■ 

i 

■ 

■■i 

■■ 

■■i 

■■ 

■■ 

■■ 

ssi 


m 

■■i 

■■i 

l,U 

m 

■■ 

IU 

Ik'l 

in 


:x 



z 

: | z 




ISS 

■■■ 


■■i 

Ml 

■■ 

sss 

si! 


5 

SSS 1 

!■■ 

■M 

Mk\ 

3s 


EE: 



X 

z 

0 




■55 

■i 

SSI 

■■■ 

■SI 


■■i 

sss 

■■■1 

at 


TT 



-0 


-100 -50 0 50 100 150 200 250 

CASE OR AMBIENT TEMPERATURE (T c OR T A )-°C 

92CS- 19524 


Fig. 7— Dissipation derating curve for types 2N6261 and 
40911. 
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Fig.9— Dissipation derating curve for types 2N3054 and 
40372 



92CS- 19527 

Fig. 1 1— Dissipation derating curve for types 2N6260 and 
40910. 
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| 10 100 IK IOK IOOK 

EXTERNAL BASE-TO-EMITTER RESISTANCE (R BE ) — Q. 

92CS-I9526 

Fig. 10-Sustaining voltage vs. base-to-emitter resistance for 
all types. 



BASE-TO-EMITTER VOLTAGE (V 0E )-V 

92CS-207I3 

Fig. 12— Reverse-bias second-breakdown characteristics for all 
types. 
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BASE-TO-EMITTER VOLTAGE {V B e)— V 


BASE-TO-EMITTER VOLTAGE (V BE )— V 


Fig. 13— Typical input characteristics for types 2N6261 and Fig. 14— Typical transfer characteristics for types 2N6261 and 
40911. 40911. 




05 LO 1.5 ZJO 2.5 
BASE-TO-EMITTER VOLTAGE (V B g) V 


Fig. 15— Typical input characteristics for types 2N3054 and Fig. 16-Typical transfer characteristics for types 2N3054 and 
40372. 40372. 


COLLECTOR -TO- EMITTER VOLTAGE (V CE ) * 4 V 



0 0.5 1.0 1.5 2j0 2.5 

BASE-TO-EMITTER VOLTAGE (Vg E ) V 92C S-I2305RI 

7 — Typical input characteristics for types 2N6260 and 
40910. 



2.0 2.5 

BASE-TO-EMITTER VOLTAGE (V BE ) V 92 CS -i2325Rl 

Fig. 18— Typical transfer characteristics for types 2N6260 and 
40910. 
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Fig. 19— Typical output characteristics for types 2N6261 and 
40911. 
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Fig.21 -Typical output characteristics for types 2N3054 and 
40372. 
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Fig. 23— Typical output characteristics for types 2N6260 and 
40910. 



Fig. 20— Typical dc beta characteristics for types 2N6261 and 
40911. 



Fig. 22- Typical dc beta characteristics for types 2N3054 and 
40372. 



Fig. 24— Typical dc beta characteristics for types 2N 6260 and 
40910. 
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Solid State 
Division 


Power Transistors 

2N3055 

2N6253 

2N6254 



Hometaxial H* High- Power 
Silicon N-P-N Transistors 

Rugged, Broadly Applicable Devices 
For Industrial and Commercial Use 


Features: 

■ 2N6254: premium type from 2N3055 family 

■ Maximum safe-area-of-operation curves 

■ Low saturation voltages 

■ High dissipation ratings 

■ Thermal-cycle rating curves 


Applications: 

■ Series and shunt regulators 

■ High-fidelity amplifiers 

■ Power-switching circuits 

■ Solenoid drivers 


RCA 2N3055, 2N6253 and 2N6254 are silicon n-p-n tran- 
sistors intended for a wide variety of high-power applications. 
The hometaxial*-base construction of these devices renders 
them highly resistant to second breakdown over a wide range 
of operating conditions. 

• "Hometaxial" was coined by RCA from"homogeneous" and "axial" 
to describe a single-diffused transistor with a base region of homo- 
geneous-resistivity silicon in the axial direction (emitter-to-collector). 

"Hometaxial II" is a term used to describe RCA's expanded line of 
transistors produced by the hometaxial process. 



CASE TEMPERATURE (T C )— °C 92LS-I469R) 

Fig. 1 -Current derating curve. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

‘COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

* With external base-to-emitter resistance (Rbe^ = 100n 

* With base open 

With base reverse-biased Vbe =-1.5 V . . . 

‘EMITTER-TO-BASE VOLTAGE. . 

‘CONTINUOUS COLLECTOR CURRENT 

‘CONTINUOUS BASE CURRENT . . 

‘TRANSISTOR DISSIPATION 

At case temperatures up to 25°C . . 

At case temperatures above 25°C 

‘TEMPERATURE RANGE: 

Storage and Operating (Junction) . , 

‘PIN TEMPERATURE (During Soldering) : 

At distances > 1 /32 in. (0.8 mm) from seating plane for 1 0 s max. 


v CBO 

2N6253 

55 

2N3055 

100 

2N6254 

100 

V 

V CER< SUS > 

55 

70 

85 

V 

v CEO< sus ) 

45 

60 

80 

V 

V CEV( SUS ) 

55 

90 

90 

V 

v EBO 

5 

7 

7 

V 

•c 

15 

15 

15 

A 

>B 

7 

7 

7 

A 

PT 

115 

115 

See Fig. 1 — 

150 

W 


-65 to +200 «» °C 


235 ► °C 


'In accordance with JEDEC registration data formats (2N3055:JS-9 RDF-10/2N6253-4: JS-6 RDF-2). 


92 


8-74 



File No. 524 2N3055, 2N6253, 2N6254 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) =25° C Unless Otherwise Specified. 




TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 

SYMBOL 

VOLTAGE 

CUR- 

RENT 

2N6253 

! 2N3055 

2N6254 

UNITS 



Vdc 


A dc 









V CE 

V BE 

•c 

'b 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


Collector-Cutoff Current: 

With base open 

'CEO 

25 

30 

60 



0 

0 

0 

- 

1.5 

- 

0.7 

- 

1 


With base-emitter junction 

'CEX 

55 

-1.5 



_ 

2 

_ 





reverse-biased 

100 

-1.5 



- 


- 

5 

- 

0.5 

mA 

At T C = 150°C 

>CEX 

50 

-1 .5 



_ 

10 

_ 

_ 

_ 

_ 




100 

-1.5 



- 

- 

- 

30 

- 

5 


Emitter-Cutoff Current 

'EBO 


-5 

-7 



_ 

10 

— 

5 

~ 

0.5 

mA 

Collector-to-Emitter 













Sustaining Voltage: 













With base open 

v CEO (sus > 



0.23 

0 

45 

- 

60 

- 

80 

- 


With external base-to- 
emitter resistance 

Vcer'sus) 



0.23 


55 


70 


85 


V 

(R BE ) = ioo£2 













With base-emitter junction 
reverse- biased 

V CEV^ SUS ' 


-1.5 

O.ia 


55 


90 


90 

- 


DC Forward Current 


4 


153 


3 

- 

_ 

_ 

5 

_ 


Transfer Ratio 

h FE 

4 


10 a 


- 

- 

5 

- 

- 

- 




2 


5 a 


- 

- 

- 

- 

20 

70 




4 


4 a 


- 

- 

20 

70 

- 

_ 




4 


33 


20 

150 

- 

- 

- 

- 




4 


3 a 


- 

1.7 

_ 

- 

- 

_ 


Base-to-Emitter Voltage 

V BE 

4 


4 a 


- 

- 

- 

1.8 

_ 

- 

V 



2 


5 a 


- 


- 

- 

- 

1.5 






33 

0.33 

- 

1 

- 

- 

- 

- 


Collector-to-Emitter 




43 

0.43 

- 

- 

- 

1.1 

- 

- 


Saturation Voltage 

V CE (sat) 



53 

0.53 

- 

- 

- 

- 

- 

0,5 






10 a 

3.33 

— 

- 

- 

8 

- 

- 

V 





153 

33 

- 

_ 

- 

- 

- 

4 






153 

53 

- 

4 

- 

- 

- 

- 


Common-Emitter, Small- 













Signal, Short-Circuit 

Forward Current Transfer 

Ratio 

hfe 

4 


1 


10 

_ 

15 

120 

10 

- 


(f = 1 kHz) 













Magnitude of Common- 













Emitter, Small-Signal, 
Short-Circuit, Forward 
Current Transfer Ratio 

M 

4 

! 

1 


2 

- 

_ 

- 

2 

- 


(f = 0.4 MHz) 













Gain-Bandwidth Product 

f T 



1 


- 

- 

800 

- 

- 

- 

kHz 

Common-Emitter, Short- 













Circuit, Small-Signal, 

Forward Current Transfer 
Ratio Cutoff Frequency 

f hfe 

4 


1 


10 

- 

10 

- 

10 

- 

kHz 

Forward-Bias Second Break- 

's/b 

80 




- 

- 

1.95 

- 

1.87 

- 


down Collector Current 

60 




~ 

~ 

— 

~ 

~ 

A 


45 




2.55 


— 

— 

~ 

— 


Thermal Resistance: 
Junction-to-Case 

R 0JC 





- 

1.5 

- 

1.5 

- 

1.17 

°C/W 


a Pulsed: Pulse duration = 300 j Us, duty factor = 1 .8%. 

* In accordance with JEDEC registration data formats JS-9 RDF-10 (2N3055) and JS-6 RDF-2 (2N6253— 4). 
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COLLECTOR CURRENT (I 
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COLLECTOR-TO-EMITTER VOLTAGE (Vce>— V 

92SS-3364RI 


Fig.2-Maximum operating areas for types 2N6253 and 2N3055. 


TERMINAL CONNECTIONS 

Pin 1 — Base 
Pin 2 - Emitter 
Case — Collector 
Mounting Flange — Collector 


94 



File No. 524 


2N3055, 2N6253, 2N6254 


100 

6 

6 

4 

< 

i 2 

O 

H 

f- 

tu 10 

oc 

cr 

3 8 

o 

§ 6 

h 

O 

LU 

li 4 

o 

o 

2 

1 

CASE rtMPERATURE (Tc)=25°C 
(CURVES MUST BE DERATED LINEAKU 
WITH INCREASE IN TEMPERATURE) 

liftl 

mmm 

■f" 


n 

M 

n 

SHI 

msttai 

HI 

m 

HS 

fp4iL 

Hi 

m 

m 

ppm 

ryu 

i*ai 

mil 

HU 

9 grass 

lii 

i§y 

Hi 


m 

si 

ill 

m 

Eii 

HHi 

mil 

11 

ip 

U 12 

II 

m 

11 

iiiift 

n 

ii 

liiiii 


I 

ii 

1 

■a 

iii 

m 

m 

il 

HBI 1 1p55S 

p 

Mb 


iti; 


it}; [ 

I 

i 

MM 

111 


\n'\ 

m 

ipli-iH 


as 

gilt 

i m 

ass 

hill 

a 

m 

eatm 

EnSE££Si£S 




Hr! 

TIT* 

sir* 1 

ii 

M 

UvYii 

mm 

_JSE{ 

, ; . r 


wm 


w 

I*H1 

IMK 

HIS 

gHlffl 


m 

|p 

HB 

mmm 

-ritjTifT! 

EMr 

:r:;v 

m 

it 


M fjri 


HBd 



Tfi 

lli'K! 

tVjittH 


P5 


m 

n 

|pg| 

il 



^rtpg# 


ullfSi 

in 


m 

jjp 

if $1 

||H 

mm 

Bafislttn 

HIS 


■f ! 1 1 

K 

iiiii 

as 

I 


ii 

m 

UUI 

n 

'ifiss 

Hi 

iii 

Hi 

:} 


sis 

ii 

in 


1 


w 

I 

mm 

B 

m 

s 

I 

Si 

li! 

li 


ill 

iS 

i 11 ! 

m 

iii 

gig 

li 

Ifiljjpj 


iiit 

s 

ii 

■ 

m 

i 


I! 

i 

1 

ll 

Ii 

iioi 

iioi 

I 

il 

1! 

i 


I 

St 

il 

m 


■ 

iii 

mU 

Up 


M 

ill 

II 


pi 

if 

m » 

p; 

ii 

I 

ii 

llli 

mi 

iiiis 

§sm 

ii 

J 

II 

m 

m 

1 

t 

I 

■ 

|iiH 

5313 

I 


fill 

3g 

is 

m 

11 

I 

■i: 

IS# 

it 


1 

i 

j 

il 

1 

ls n 

ii 

m 

if 

iil:t 

f 

:{|i| 

t ii.li 

■ 

ii!!! 

| 

n 

il! 

1 

11 


|| 

||| 

i 

a 

pan 

: - u 

sis 

Si 

av 

H-TirnM 

11 

is 

li! 

a 

NU 

1 

! 

1 

1 

1 

II 

II 

ii 

HI 

i 

1 

i 

1 

I 

i 

i 

il 

ill 

H 


ii 



ilfi 

183 

S«H 

iKHl 

lllti 

»! 

188 

m 

8188s 

mm 

3838 


AB# 

Sgl 

iff 

fflM 

Itii 

iaM 

ii 

ill 

s 

li 

TTff 

§ 

jt-jj 

i 

m 

Tin 

f iff 

m 

if iiii 

1 

Tfrr fT 

fl 

is 

r^| 

si 

I 

m 

M 

1 


| 

1 

m 

u:u 

Si 

|| 


I 

4 

ii 

SrS: 



"FfSr 


1 

w 

mi 


niiin 


.... 



= rTTFOT^ 


■ L 



;PS 

mm 

=ii 

13 

Hi 

j}§ 

■ 

mm 

m 

SS^ipaaj|t^i»ggggg 


113 


IS 

m 



B 

m 

iig! 

ssguiiii 

asafffigxiss 

pffiiis 

1|®| 

in 

m 

iK2S 

■ 


I 

^eOH 


iHIIfilll 

mm 

HIM 

n 

m 


m 

to 

row 

lag 

K 

mm 


Si! A 


III 

m 

»::: 

li 


i 

iul 


bb 

sMsB 

m 

m 

*1;;^ 

HH 

il 

m 

m 

IB 


ill 

K^l 

yi 

:Jivh#l±|: 

HHilHI! 

ii 

Hi 

m 

lina 

i:h! 

ii 


IS 

mm 


nai 

K 


gSjjjm 

m 

m 

1 

m 

m 

P 


ii 


H t : H fit 

plHtJ 

mm 

III! 

m 

man 

BB 


HsiUii 

Jig lilts 

isses^ 

i!» 

mmm 

I^JII 

1^11 


sya 


mm 


if® 


T iifpx 

ft Kf-fg 


1SS 

m 

m 

Hi 

m 

a 



Hgggsligg 

nymin 

film 


M 

m 

i|gjE| 

liia 

m 

m 



jifiliH; 

uHjrtl 

mm 

J-pH 

m 

Ml 

ii :V 

H]] 

mm 


rSnir^aicsHfiras 

BSfsiS 

li 

m 

& 




K 

m 

ail 


SSii'Sr 


lii 

-mf 

iii 

]f[F 

H :s 

1 

sn 


ss 

mm 

hifyiiij 

lc:n'd!: 

¥6, 

a 


|| 

ii 

m 


mm 



WKUV, 

m 

ft? 

ii 

ii 


:r.: 


il 

m 

iiiif 

SnSSHH: 

mi 

| 

iiii 

wE&jj 

Us 


Si 

lii 


tfff 

il 






sH-i-UHf 

4+Titpr 

ii 


TRT 

ft?: 

I 

a 

9 

i 

iii 


mm 

lii 



■ai=2 

kii 

1 

iiu 

01 

li 

Hr| 

'Mm 

Sip 

liill 

li 

l| 

SE£=j 

H 

1 

iii 



gSII 


S5m'|lg3aag5 

mm. 

ilM 

mm 

|g|f 


i 

:E: 

it, 

|| 

8 

1 

11 

mm 

« 

Iplllp 

Sliiis 

£1! 

s|=ss 

§8 

B 

i 

H 


mu 



?:=K5!5i 



liill 

fgf 

itg 

ii 


62 

m 

§ 





i'Ti. ' 

mi 

1 




iiTOdiq: 


Milpl 

Wm 

NONF 

ii 

m 

m 

pKj 

IS 

1 

i 

S! 

0 fill 

SI 

i 

Si 

Sff 

Pi- 
V V 

#tp 


ii 

iHHrjji 

iiiii 

1 

1 

i 

.5H 

1 

If 

Htt ft 

ft lii: 

4 SlIP 

p 

i 

V; 

V: 

Tf m 

^ is 




.... 

ii 

PStfilS 

mjiiiii 

it 

1 

S 

IS 


1 

p 

m 

ft 

i 

1 

; :;*i 

\U 

in: 

ftT 

:;i; 

ri I# 
Sift 

il 

mi id: 

iiii up 

iff 

m 

'M 

-i ft 

±1±L 

I 

ftijt 

: v 

i 

8 

iii 

iS 

::f 

1 

1 

— 

m 

i 

g 

i 

THT 

f 

1 

1 

tut 

I 

|i 

if 

it 


ttrt 

# 

iffi 

tf4 

-i.i.i 

** 

.V.! 

iiii 

Hit -tij 

if 

4i; jlij 

ill ||4 


4 6 8 |0 2 4 6 8 100 

COLLECTOR-TO-EMITTER VOLTAGE (Vce)— v 


92CS-I9435 


Fig.3-Maximum operating areas for 2 N 6254. 
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Fig. 14— Typical dc-beta characteristics for type 2N6254. 



Fig. 16— Typical dc-beta characteristics for type 2N3055. 



92CS-22890 

Fig. 18— Typical dc-beta characteristics for type 2 N 6253. 



92CS-I9443 

Fig. 15— Typical transfer characteristics for type 2 N 6254. 



Fig. 17— Typical transfer characteristics for types 2 N 6253 and 
2N3055. 
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Solid State 
Division 


Power Transistors 

2N3263 2N3264 
2N3265 2N3266 



High-Power, High- Speed, High-Current 
Silicon N-P-N Power Transistors 

Epitaxial Types for Aerospace, 

Military, and Industrial Applications 

Features: 

■ Low saturation voltages — 

2N3263 and 2N3265 

VcE(sat) = 0.75 V (max.) at lc = 15 A 
V B E(sat) = 1.60 V (max.) at lc = 15 A 
2N3264 and 2N3266 

V C E (sat) = 1.20 V (max.) at lc = 15 A 
V B e (sat) = 1.80 V (max.) at lc = 15 A 
a High reliability and uniformity of characteristics 
h High power dissipation 
n Fast rise time at high collector current — 

0.2 ms at 10 A (typical) 


RCA-2N3263, 2N3264, 2N3265, and 2N3266® are n-p-n 
epitaxial silicon power transistors designed for high-reliability 
aerospace, military, and industrial equipment. Their high 
current-handling capability and fast switching speed make 
them desirable in applications where high circuit efficiency is 
required. 

The 2N3263 and 2N3264 are sealed in flat 3/4-inch- 
diameter packages with radial leads. Types 2N3265 and 
2N3266 utilize the JEDEC TO-63 package. 


Typical high-speed switching applications for these transis- 
tors include switching-control amplifiers, power gates, 
switching regulators, dc-dc converters, and dc-ac inverters. 
Other recommended applications include dc-rf amplifiers and 
power oscillators. 

• Formerly RCA Dev. Nos. TA2492, TA2493, TA2494, and TA2495, 
respectively. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

* COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With 1 .5 volts (V B e) of reverse bias 

With external base-to-emitter resistance (Rbe) ^ 50 £2 

* With base open 

* EMITTER-TO-BASE VOLTAGE 

* COLLECTOR CURRENT 

* BASE CURRENT 

* TRANSISTOR DISSIPATION 

* TEMPERATURE RANGE: 

Storage and operating (Junction) 

LEAD TEMPERATURE (During soldering): 

At distance > 1/32 in. (0.8 mm) from seating plane for 

10 s max 

In accordance with JEDEC registration data format. 



2N3264 

2N3263 



2N3266 

2N3265 


VCBO 

120 

150 

V 

v CEX(sus) 

120 

150 

V 

VcER(sus) 

80 

110 

V 

v CEO < su s) 

60 

90 

V 

vebo 

7 

7 

V 

ic 

25 

25 

A 

>B 

10 

10 

A 

PT 

See Figs. 1 

& 2 



65 to +200 °C 


230 °C 


6-72 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) =25°C unless otherwise specified 


CHARACTERISTIC 


Collector Cutoff Current: 
With emitter open 



Col lector-to- Emitter 
Sustaining Voltage: 
With base open 


With external base-to- 
emitter resistance 

(RBE)< 50fl 

Collector-to-Emitter 

Saturation Voltage 

Base-to-Emitter 
Saturation Voltage 


DC Forward Current 
Transfer Ratio 


Second-Breakdown 
Collector Current! 
(See Fig. 7) 

DC forward-biased 


Pulsed, forward- 
biased, t p = 250 jus 

Second-Breakdown Energy 
With base reverse- 
biased, and 
R B E = 20n, L = 40juH 


Saturated Switching Time: 
(See Figs. 3 & 4) 
Turn-on (trj + t r ) 


VEBO 


v CEO< sus ) a 


v CER<sus)* 

VcE<sat) # 


V B E(sat) # 



IHH 

4 


4 

US 

20 


5 

15 


7 















3 

3 

2 


50 

75 



75 





6 

v C c= 



30 







10 



Gain-Bandwidth Product 
(f = 1 MHz) 


Collector-to-Base Feedback 
Capacitance 
(f = 1 MHz) 


Thermal Resistance 
(Junction-to-Case) 


In accordance with JEDEC registration data format. 

• Pulsed; pulse duration < 350 ps, duty factor 2%. CAUTION : The sustaining voltages Vceo( sus > and V CER^ SUS ^ MUST NOT be measured 
on a curve tracer. These sustaining voltages should be measured by means of the test circuit shown in Fig. 5. 

A lg/b > s defined as the current at which second breakdown occurs at a specified collector voltage. 

Es/b ' s defined as the energy at which second breakdown occurs under specified reverse bias conditions. Eg/t, = 1/2 Ll^, where L is a series 
load or leakage inductance and I is the collector current. 
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2N3263-2N3266 


FOR MAXIMUM CASE TEMPERATURES ABOVE 75* C 
DERATE LINEARLY AT 1 W/*C. 
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Fig. 1— Rating chart for 2N3265 and 2N3266. 


FOR MAXIMUM CASE TEMPERATURES ABOVE 75° C, 
DERATE LINEARLY AT 0.66 W/°C. 


125)- 



0 10 20 30 40 50 60 70 80 90 

COLLECTOR -TO- EMITTER VOLTAGE (V C e)— V 

92CS-I2433RI 

Fig.2-Rating chart for 2N3263 and 2N3264. 


TO OSCILLOSCOPE TEKTRONIX 



Fig.3— Circuit used to measure saturated switching times. 



Fig.4— Phase relationship between input and output currents showing 
reference points for specification of switching times. (Test 
circuit shown in Fig. 3.) 



Fig.5— Circuit used to measure sustaining voltages Vq^q(sus) and 

v cer( sus )■ 



The sustaining voltages VcEOlsus) and VcER(iui) ore acceptable when the traces tall 
to the right of point "A" for types 2N3264 and 2N3266. The traces must fall to the 
right of point "B" for types 2N3263 and 2N326S. 


Fig.6— Oscilloscope display for Vqeq(sus) and Vqer(sus) measure- 
ment. (Test circuit shown in Fig. 5.) 
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92CS-I2428RI 

Fig. 7— Safe-operating region as a function of 
pulse width. 



92CS-I2445RI 

Fig.8-Ty pica I change in E$/pasa function of 
base-to-emitter resistance. 
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z ig.9— Collector current as a function of 
inductance (10th percen tile}. 


Fig. 10-Collector current as a function of 
inductance (50th percentile). 
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Fig. 12— Typical saturated-switching charac- 
teristics. 
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2N3263-2N3266 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

BASE-TO-EMITTER VOLTAGE (Vbe>— V 

. . 92CS-I2438RI 

Fig. 13— Typical input characteristics. 



COLLECTOR CURRENT (I C ) — A 

92CS-I2443RI 

Fig. 15— Typical dc beta characteristics (median values). 



0.2 0.4 0.6 0.8 t.O 1.2 1.4 1.6 

BASE-TO-EMITTER VOLTAGE (Vbe) — V 

Fig. 17— Typical transfer characteristics. 92CS ’ I2442RI 


TERMINAL CONNECTIONS 
2 N 3263, 2N3264 

Lead 1 — Base 
Case, Lead 2 — Collector 
Lead 3 — Emitter 



92CS-I243IRI 

Fig. 14— Typical input characteristics. 



BASE-TO-EMITTER VOLTAGE (V BE ) — V 


92CS-I2437RI 

Fig. 16— Typical transfer characteristics. 



EXTERNAL BASE-TO-EMITTER RESISTANCE (R B e) — ^ 

92CS— I2452RI 

Fig. 18— Typical sustaining voltage vs. base-to-emitter resistance. 

TERMINAL CONNECTIONS 
2N3265, 2N3266 

Pin 1 — Emitter 
Pin 2 — Base 
Case, Pin 3 — Collector 




File No. 64 


Solid State 
Division 


Power Transistors 
2N4063 
2N3439 2N4064 
2N3440 40390 



High-Voltage Silicon 
N-P-N Transistors 

For High-Speed Switching and 
Linear-Amplifier Applications 

Features 

■ High voltage ratings: 

v CB0 = 450 v max - (2N3439, 2N4063) 

= 300 V max. (2N3440, 2N4064) 
V CE0 (sus) = 350 V max. (2N3439, 2N4063) 
= 250 V max. (2N3440, 2N4064) 

■ Maxi mu m-area-of -operation curves 

■ Low saturation voltages 


These devices are available with either VA- 
inch leads (TO-5 package) or ^-inch leads 
(TO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num- 
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 


RCA-2N3439*, 2N3440**, 2N4063, 2N4064, and 40390 are 
epitaxial-base silicon n-p-n transistors with high breakdown 
voltages, high-frequency response, and fast switching speeds. 
These transistors are intended for industrial, commercial, and 
military equipment. Typical applications include high-voltage 
differential and operational amplifiers, high-voltage inverters, 
and high-voltage, low-current switching and series regulators. 


The 2N3439 and the 2N3440 differ primarily in their voltage 
ratings; the 2N4063 and 2N4064 have the same voltage ratings 
as the 2N3439 and 2N3440 respectively, but employ a flange 
package. Type 40390 is a 2N3440 with a factory -attached heat 
radiator; it is intended for printed-circuit-board applications. 

* Formerly RCA Dev. No. TA2458. 

** Formerly RCA Dev. No. TA2470. 


Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE. . 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT 

BASE CURRENT. 

TRANSISTOR DISSIPATION 

At case temperatures up to 25° C 

At free-air temperatures up to 25° C 

At free-air temperatures up to 50° C 

At free-air temperatures above 25° C or 50° C 

For pulse operation 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

LEAD TEMPERATURE (During soldering): 

At distance > 1/32 in. from seating plane for 10 s max. 



2N3439 

2N3440 



2N4063 

2N4064 

40390 


V CBO 

450 

300 

V 

V CEO (sus) 

350 

250 

V 

V EBO 

7 

7 

V 

J C 

1 

1 

A 

r B 

0.5 

0.5 

A 

P T 

10 

10(2N3440) 

W 


— 

10(2N4064) 

w 


— 

3.5(40390) 

w 


K2N3439) K2N3440) W 


See Fig. 2. 
See Fig. 9. 


< 65 to 200 > °C 

< 255 > °C 
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File No. 64 2N3439, 2N3440, 2N4063, 2N4064, 40390 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 2S°C 




TEST CONDITIONS 

LIMITS 




DC 

DC 


DC 


Types 

Types 


Characteristic 

Symbol 

Collector 

Emitter 

Current 

2N3439 

2N3440 

Units 



Volts 

or Base 

(milliamperes) 

2N4063 

2N4064 






Volts 






40390 




V CB 

< 

n 

m 

V EB 

V BE 

i c 

'e 

'B 

Min. 

Max. 

Min. 

Max. 



! ceo 


300 





0 


20 

- 

- 

fiA 

Collector-Cutoff Current 



200 





0 


- 

- 

50 

fiA 

! cev 


450 


-1.5 




- 

500 

- 

- 

p.A 





300 


-1.5 





- 

- 

500 

JJ.A 

Emitter-Cutoff Current 

^BO 



6 


0 



- 

20 

- 

20 

/J.A 

DC Forward - Current Transfer Ratio 

h FE 


10 



20 



40 

160 

40 

160 





10 



2 



30 

- 

- 

- 


Collector-to-Emitter 














Sustaining Voltage: 

(See Figs. 3 & 4 .) 

With base open 

V CEO (sus) 





50 


0 

350° 

- 

250° 

- 

V 


Base-to-Emitter 

V BE (sat) 













Saturation Voltage 





50 


4 

" 

1.3 

" 

1.3 

V 

Collector-to-Emitter 

v CE ( sat ) 





50 


4 

. 

0.5 

. 

0.5 

V 

Saturation Voltage 













Small -Signal, Forward-Current 

Transfer Ratio (at 5 MHz) 

h fe 


10 



10 



3 

- 

3 

- 


Output Capacitance (at 1 MHz) 

C ob 

10 





0 



10 

- 

10 

pF 

Second-Breakdown 














Collector Current: 

With base forward biased 

l S/b 


200 






50 

- 

50 

- 

mA 

Thermal Resistance: 














Junction-to-Case 

^J-C 








- 

17.5 

* 

17.5 

°C/W 


a CAUTION: The sustaining voltage Vq^qIsus) MUST NOT be measured on a curve tracer. The sustaining voltage 
should be measured by means of the test circuit shown in Fig. 3. 



92CS-2I992 


Fig. 1 — Current derating curve for all types. 



92LS-I60B 

Fig. 2 — Dissipation derating curve for 2N3439. 2N3440, and 40390. 
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DC FORWARD-CURRENT TRANSFER RATIO (hp E ) 



COLLECTOR CURRENT (Ic)-mA 


COLLECTOR CURRENT (I c ) — mA 


Fig. 7 — Typical dc-beta characteristics for all types. 


Fig. 8 — Typical gain-bandwidth product for all types. 









2N3439, 2N3440, 2N4063, 2N4064, 40390 


File No. 64 



92LM-I602 

Fig. 10 — Typical input characteristics for all types. 



COLLECTOR-TO-EMITTER VOLTAGE IV C E>— ’ V 

92LS-I600 


Fig. 11 — Typical output characteristics for all types. 



BASE- TO- EMITTER VOLTAGE (V BE ) — V 92LS 

Fig. 12 — Typical transfer characteristics for all types. 


TERMINAL CONNECTIONS 
2N4063, 2N4064 

Lead 1 — Emitter 
Lead 2 — Base 
Flange, Lead 3— CollectOi 


TERMINAL CONNECTIONS 
2N3439, 2N3440 

Lead 1 - Emitter 
Lead 2 - Base 
Case, Lead 3 — Collector 


TERMINAL CONNECTIONS 
40390 

Lead 1 — Emitter 
Lead 2 — Base 

Heat-Radiator, Lead 3 — Collector 
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Solid State 
Division 


Power Transistors 

2N3441 2N6263 2N6264 
40373 40912 40913 



Hometaxial II* Medium- Power 
Silicon N-P-N Transistors 

Rugged Devices for Intermediate, Power Applications 
in Industrial and Commercial Equipment 


Features: 

0 2N6264: premium type from 2N3441 family 
0 Maximum safe-area-of-operation curves for dc and 
pulse operation 
0 High voltage ratings 
0 Low saturation voltages 
a Thermal-cycling rating curves 


Applications: 

0 Series and shunt regulators 
0 High-fidelity amplifiers 
o Power switching circuits 
0 Solenoid drivers 


RCA 2N3441, 2N6263, and 2N6264 are hometaxial-baseo 
silicon n-p-n transistors intended for a wide variety of 
medium- to-high power, high-voltage applications. 

O ''Hometaxial” was coined by RCA from "homogenous" and "axial" 
to describe a single-diffused transistor with a base region of 
homogeneous-resistivity in the axial direction (emitter-to-collector). 


Types 40373, 40912, and 40913 are the 2N3441, 2N6263, 
and 2N6264 with factory-attached heat-radiators intended 
for printed-circuit-board applications. 

"Hometaxial II" is a term used to describe RCA's expanded line of 
transistors produced by the hometaxial process. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


♦COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER 
SUSTAINING VOLTAGE: 

* With base open 

With external base-to-emitter resistance (R BE ) = 100^2 

With base reverse-biased (V BE = -1 .5 V) 

*EMITTER-TO-BASE VOLTAGE 

♦CONTINUOUS COLLECTOR CURRENT 

PEAK COLLECTOR CURRENT 

♦CONTINUOUS BASE CURRENT 

TRANSISTOR DISSIPATION: 

* At case temperature up to 25°C 

At ambient temperatures up to 25°C 

* At temperatures above 25°C 

♦TEMPERATURE RANGE: 

Storage & Operating (Junction) 

♦PIN TEMPERATURE (During Soldering): 

At distances _> 1/32 in. (0.8 mm) from seating plane for 10 s max. 



2N6263 

2N3441 

2N6264 



40912 

40373 

40913 


CBO 

140 

160 

170 

V 


v CEO^ sus * 

120 

140 

150 

V 

V C er(sus) 

130 

150 

160 

V 

V CEV* SUS * 

140 

160 

170 

V 

V EBO 

7 

7 

7 

V 

•c 

3 

3 

3 

A 


4 

4 

4 

A 

‘b 

P T 

2 

2 

2 

A 


20 

(2N6263) 

25 

(2N3441 ) 

50 

(2 N 6264) 

W 


5.8 

(40912) 

5.8 

(40373) 

5.8 

(40913) 

W 


See Figs. 4 & 7 See Figs. 4 & 7 See Figs. 1 & 7 


-65 to 200 — °C 


235 


°C 


♦in accordance with JE DEC registration data format JS-6 RDF-2 


11-72 
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2N3441, 2N6263, 2N6264, 40373, 40912, 40913 , File No. 529 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25°C, Unless Otherwise Specified 




TEST CONDITIONS 

LIMITS 








2N6263 

2N3441 

2N6264 


CHARACTERISTIC 

SYMBOL 

VOLTAGE 

CURRENT 

40912 

40373 

40913 

UNITS 



V dc 

A 

dc 










V CE 

V BE 

■c 

'b 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 


Collector-Cutoff Current: 


100 



0 


5 






With base open 

'CEO 

130 



0 

- 

- 

- 

- 

- 

1 

mA 


140 



0 

- 

- 

- 

100 

- 

- 


Collector-Cutoff Current: 


120 

-1.5 




2* 







'CEX 

140 

-1.5 



- 

- 


5* 

- 

- 




140 

-1.5 



- 

- 


1 

- 

- 


With base-emitter 
junction reversed 


150 

-1.5 



- 

- 


- 

- 

0.05* 

mA 


120 

-1.5 



- 

10* 


_ 

_ 

_ 

biased 



'CEX 

140 

-1.5 



- 

- 


6* 

- 

- 



(T c = 150°C) 

140 

-1.5 




- 

- 

5 

- 

- 




150 

-1.5 




- 


- 

- 

1* 


Emitter-Cutoff Current 

'ebo 


-5 



- 

2 


- 

- 

- 

mA 




-7 



- 

- 

- 

1 

- 

0.2 


Collector-to-Emitter 













Sustaining Voltage: 3 

v CEO (sus) 












With base open 




0.1 b 

0 

120 

- 

140 

- 

150 

- 


With external base-to- 













emitter resistance 

v CerI sus ) 



0.1 


130 

- 

150 

- 

160 

- 

V 

<R be ) = 100 n 












With base-emitter 
junction reversed 
biased 

v CEV (sus) 


-1.5 

0.1 


140 

- 

160 

- 

170 

- 




2 


1b 


- 

- 

- 

- 

20 

60 


DC Forward-Current 

h FE 

2 


3 b 


3 

- 

- 

- 

5 

- 


Transfer Ratio 

4 


0.5^ 


20 

100 

25 

100 

- 

- 




4 


2.7 b 


- 

_ 

5 

- 

- 

- 






0.5 b 

0.05 

- 

1.2* 

- 

1 

- 

- 


Collector-to-Emitter 

V CE (sat) 



lb 

0.1 

- ! 

- 

- 

- 

- 

0.5* 

V 

Saturating Voltage 



2.7 b 

0.9 

- i 

- 

- 

6* 

- 

- 




2 


1 b 



- 

- 

- 

- 

1.5* 


Base-to-Emitter Voltage 

V BE 

4 


0.5 b 



2* 

- 

1.7 

- 

- 

V 



4 


2.7 b 



- 

- 

6* 

- 

- 


Magnitude of Common- 













Emitter, Small-Signal, 
Short-Circuit Forward 


4 


0.2 


8 




2 



Current Transfer Ratio 

(f = 0.4 MHz) 

4 


0.5 


- 

- 

5 

- 

- 

- 


. .. 

Gain-Bandwidth Product 

f r 

4 


0.2 


800 

- 

800 

- 

800 


kHz 

Common-Emitter, Small- 













Signal, Short-Circuit 

h fe 

4 


0.1 


25 

- 

- 

- 

25 

- 


Forward Current Transfer 

Ratio If = 1 kHz) 


4 


0.5 


- 

- 

15 

75 




Forward-Bias Second 













Breakdown Collector 


120 




0.167 

- 

_ 

- 

_ 

- 


Current, Pulse Duration 

's/b 

120 




- 

- 

_ 

- 

0.417 

- 

A 

(non-repetitive) = 1 s 

120 




- 

- 

0.21 

- 

- 

- 


Thermal Resistance: 













Junction-to-Case 

R 0JC 





8.75 (max.) 

7 (max.) 

3.5 (max.) 








2N6263 

2N3441 

2N6264 . 

°C/W 

Junction-to-Ambient 

R 0JA 





30 (max.) 

30 (max.) 

30 (max.) 








40912 

40373 

40913 



*ln accordance with JEDEC registration data format (JS-6 ROF-2). 

a CAUTION: The sustaining voltage Vq E q(sus), V cer (sus), and V CEV (sus) MUST NOT be measured on a curve tracer, 
b These sustaining voltages should be measured by means of the test circuit shown in Fig. 11 . 

Pulsed, pulse duration = 300 /us; duty factor <2 %. 
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_ 2N3441, 2N6263, 2N6264, 40373, 40912, 40913 



COLLECTOR -TO-EMITTER VOLTAGE (V CE ) — V 

Fig. 1 — Maximum operating areas for type 2N6264. 


92CS-I947I 



CASE TEMPERATURE (T c ) — °C 


92LS-I469R 

Fig. 2 — Current derating curve for all types. 

TERMINAL CONNECTIONS 
FOR 2N3441 , 2N6263 & 2N6264 

Pin 1 - Base 
Pin 2 - Emitter 
Case, Mounting Flange - Collecto’ 



92CS-I95I7 


Fig. 3 — Thermal-cycle rating chart for type 2N6264. 

TERMINAL CONNECTIONS 
FOR 40373, 40912, & 40913 

Pin 1 - Base 
Pin 2 - Emitter 
Heat-Radiator - Collector 
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2N3441, 2N6363, 2N6264, 40373, 40912, 40913 
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COLLECTOR -TO-EMITTER VOLTAGE (V CE ) — V 


92CS- 19472 


Fig. 4— Maximum operating areas for type 2N6263 and 
2N3441. 



Fig.5- Thermal-cycle rating chart for type 2N344 1. Fig. 6- Thermal-cycle rating chart for type 2N6263. 
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COLLECTOtf— TO— EMITTER VOLTAGE (V C £)=4V 
CASE TEMPERATURE (T C )=25 0 C 








GAIN-BANDWIDTH PRODUCT (f T )— MHz 

o o o p - _ 

o ro tk <r os o h» 


n 



- 



r: 






■ 












i 

1 




■ 

1 

( 




■ 





1 





- 




■ 


1 




s 

V 




1 











1 




■ 

\ 

_ 














1 




■ 

1 

1 



S 











- 














6 



4 6 

8 

1 2 ' 2 4 6 8 

1 


COLLECTOR CURRENT (I C ) — mA 

92CS-I2647 


Fig. 7— Dissipation derating curves for all types. 


Fig.8— Typical gain-bandwidth product for all types. 



92CS- 19474 

Fig.9— Sustaining voltage vs. base-to-emitter resistance for all 
types. 


CASE TEMPERATURE (T c ) 
INDUCTANCE (L)*200 ml- 

; 

2 

5°C 
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■1 
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: : : 1 1 j j J | |r 




§ 

1 




11 A 


p 

CAL 
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^=ioo a 
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ij 


TO 

11 


l!§ “ 


pi 

CAL 


m 

iE = 

m 

io a 


■11 2 ^ 

! | |||j|j ||| 

|iSSfip 

| 11 ' g 

■till 

INI 

|h 


li 

joe 

!:|H: 

II * 


-5 -4 -3 -2 -I 0 

BASE-TO-EMITTER VOLTAGE (Vbe) — V 92SS _„ 


Fig. 10— Reverse-bias second-breakdown characteristics for 
all types. 


2 m 



Fig.11 -Circuit used to measure sustaining voltages, 
Vceq( sus )' V C er( sus ), and Vqe\/(sus) for all types. 



SUSTAINING VOLTAGE 


Note: The sustaining voltage, Vq^qIsus), VqeEr(sus), or 
or Vqev(sus) is acceptable when the trace falls to the right 
and above point "A" for all types. (For values of current and 
voltage, see Electrical Characteristics ) 


Fig. 12-Oscilloscope display for measurement of sustaining 
voltages (test circuit shown in Fig. 11). 
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2N3441, 2N6263, 2N6264, 40373, 40912, 40913 
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JL 200 

m 

COLLECTOR -TO-EMITTER VO 

■■ 
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iiffpfflIB 


w 

: ; : 1 II H miff : rlmTTTT^f 

' ' jjjffnlffl 

BASE 

§ 


f- 






50 

iil| 


■■■ 


0.5 1 

.5 

2 2.5 


BASE-TO- EMITTER VOLTAGE (V BE )— V 

92CS- 19509 


Fig. 13-Typical input characteristics for types 2N6264 and 
40913. 



92CS- 12645 


Fig. 15— Typical input characteristics for types 2N3441 and 
40373. 



BASE - TO - EMITTER VOLTAGE ( Vg E ) —V 

92CS-I95II 

Fig. 17— Typical input characteristics for types 2N6263 and 
40912. 
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Fig. 14— Typical transfer characteristics for types 2N6264 and 
40913. 



92CS-I2643 


Fig. 16— Typical transfer characteristics for types 2N3441 and 
40373. 
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Fig. 18— Typical transfer characteristics for types 2N6263 and 
40912. 
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2N3441, 2N6263, 2N6264, 40373, 40912, 40913 



COLLECTOR - TO - EMITTER VOLTAGE ( V CE ) — V 

92CS- 19513 


Fig. 19— Typical output characteristics for types 2N6264 and 
40913. 



92CS— 12642 

Fig.21— Typical output characteristics for types 2N3441 and 
40373. 



92CS-I95I5 

Fig. 23— Typical output characteristics for types 2N 6263 and 
40912. 



Fig. 20— Typical dc-beta characteristics for types 2N6264 and 
40913. 



Fig. 22— Typical dc-beta characteristics for types 2N 3441 and 
40373. 



Fig. 24— Typical dc-beta characteristics for types 2N6263 and 
40912. 




File No. 528 


□UQBZ/D 

Solid State 
Division 


Power Transistors 
2N3442 
2N4347 
2N6262 



Hometaxial 1 1* High-Voltage 
Silicon N-P-N Transistors 

Rugged High-Power Devices for Applications in 
Industrial and Commercial Equipment 
Features: 

■ Low saturation voltages 

■ Thermal-cycle rating charts 

■ High dissipation capability — 100 W (2N4347) 

- 117 W (2N3442) 

- 150 W (2N6262) 

■ Maximum area-of -operation curves 

for dc and pulse operation. 


RCA 2N3442, 2N4347, and 2N6262 are hometaxial-base*, 
silicon n-p-n transistors intended for a wide variety of 
high-power, high-voltage applications. Typical applications 
for these transistors include power-switching circuits, audio 
amplifiers, series- and shunt-regulator driver and output 
stages, dc-to-dc converters, inverters, and solenoid (hammer)/ 
relay driver service. 

These devices employ the popular JEDEC TO-3 package; they 
differ in maximum ratings for voltage, current, and power. 


Applications: 

■ Series and shunt regulators 

■ High-fidelity amplifiers 

■ Power-switching circuits 

•''Hometaxial'' was coined by RCA from "homogeneous" and 
"axial" to describe a single-diffused transistor with a base region of 
homogeneous-resistivity silicon in the axial direction (emitter-to- 
collector). "Hometaxial II" is a term used to describe RCA's 
expanded line of transistors produced by the hometaxial process. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

♦COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE! 

* With base open . 

With reverse bias (V BE ) of —1.5 V 

♦EMITTER-TO-BASE VOLTAGE 

♦COLLECTOR CURRENT: 

Continuous . . 

Peak 

♦BASE CURRENT: 

Continuous 

Peak 

♦TRANSISTOR DISSIPATION: 

At case temperature up to 25°C 

At case temperatures above 25°C 

♦TEMPERATURE RANGE: 

Storage & Operating (Junction) 

♦PIN TEMPERATURE (During Soldering): 

At distances >1/32 in. (0.8 mm) from case for 10 s max. 



2N4347 

2N3442 

2N6262 

^CBO 

140 

160 

170 

V CEO 

120 

140 

150 

V CEX 

140* 

160 

170 

V EBO 

7 

7 

7 

•c 

5 

10 

10 


10* 

15 

15 

! b 

3 

7 

7 


8* 

- 

- 

P T 

100 

117 

150 


See Figs. 1,4, 7, & 22- 

65 to +200 

235 235 


V 

V 

V 

V 

A 

A 


W 

°C 

°C 


♦in accordance with JEDEC registration data format (JS-6, RDF-2). 
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File IMo. 528 2N3442, 2N4347, 2N6262 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C unless otherwise specified 




TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 

SYMBOL 











UNITS 



VOLTAGE 

CURRENT 










V dc 

A 

dc 

2N4347 

2N3442 

2N6262 




V CE 

LU 

CQ 

> 

'c 

Ir 

B 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 


Collector Cutoff Current: 












mA 

With emitter open 
< V CB - 140 v » 

'CBO 












With base-emitter junction 

'CEX 

120~1 

-1 .5 



- 

2 

- 

- 

- 

- 


reverse-biased 


140 

-1.5 



- 

- 

- 

5 

- 

- 

mA 



150 

-1.5 



- 

- 

- 

- 

- 

0.1 


With base-emitter junction 


125 

-1.5 



- 

10 

- 

- 

- 

- 


reverse-biased and 

'CEX 

140 

-1.5 



- 

- 

- 

30 

- 

- 

mA 

T c = 150°C 


150 

-1.5 



- 

- 

- 

- 

- 

2 




100 




- 

200 

- 

- 

- 

- 


With base open 

'CEO 

110 




- 

- 

- 

- 

- 

1 

mA 



140 




- 

- 

- 

200 

- 

- 


Emitter Cutoff Current 

'ebo 


-7 

0 


- 

5 

- 

5 

- 

0.2 

mA 



2 


3a 


- 

- 

- 

- 

20 

70 




2 


103 


- 

- 


_ 

5 

- 


DC Forward Current 


4 


2 a 


15 

60 

- 

- 

- 

- 


Transfer Ratio 

h FE 

4 


3 a 


- 

- 

20 

70 

- 

- 



4 


5 a 


10 

- 


- 

- 

- 




4 


103 


- 


7.5 

- 

- 

- 


Collector-to-Emitter 













Sustaining Voltage: 













With base-emitter 

v CEV (sus) 


-1.5 

0.1 


140 

- 

160 

- 

- 

- 

V 

junction reverse- 
biased 


-1.5 

0.2 






170 




With external base-to-emitter 

V CER* sus) 



0.1 


130 

- 

- 

- 

- 

- 

V 

resistance (R BE ) = ^00^ 



0.2 


- 

- 

150 

- 

160 

- 


With base open 

V CEO (sus) 



0.2 a 

0 

120 

- 

140 

- 

- 

- 

V 




0.2 a 

0 

- 

- 

- 

- 

150 

- 




2 


3 a 


- 

- 

- 

- 

- 

1 




4 


3 a 


- 

- 

1.7 

~ 

- 

- 


: Base-to-Emitter Voltage 

LU 

CQ 

> 

4 


2 a 


- 

2 

- 


- 

- 

V 



4 


5 a 


- 

3 

- 

- 

- 

- 




4 


10 a 


- 

- 

- 

5.7 

- 

- 


; Collector-to-Emitter 




2 a 

0.2 

- 

1 

_ 

- 

- 

- 


Saturation Voltage 

VQg (sat) 



3 a 

0.3 

- 

- 

- 

1 

- 

0.5 

V 





5 a 

0.63 

- 

2 

- 


- 

- 






10 a 

2 

- 

- 

- 

5 

- 

- 




67 


1.5 


1 

_ 

- 

- 

- 

_ 


Power Rating Test 

PRT 

78 


1.5 



- 

1 

- 

- 

- 

s 



100 


1.5 


- 

- 


- 

1 

- 


Magnitude of Common- 













Emitter, Small-Signal, 
Short-Circuit, Forward 
Current Transfer Ratio: 

Nel 












f = 50 kHz 

4 


0.5 


40 


_ 

_ 

_ 

_ 


f = 40 kHz 

hel 

4 


1 


_ 

- 

- 

- 

2 

_ 




4 


2 


- 

- 

2 

- 

- 

- 


Common-Emitter, Small- 













Signal, Short-Circuit, 


4 


0.5 


40 

- 


- 

- 

_ 


Forward Current Trans- 

h fe 

4 


1 


- 

- 


- 

10 

_ 


fer Ratio (f = 1 kHz) 

4 


2 


- 

- 

12 

72 

- 



Thermal Resistance: 













Junction-to-Case 

R 0JC 





- 

1.75 


1.5 


1.17 

0 

0 

1 


*ln accordance with JEDEC registration data format JS-6 RDF-2 
a Pulse test; pulse duration = 300 ps, rep. rate = 60 Hz 
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_2N3442, 2N4347, 2N6262 


COLLECTOR-TO-EMITTER VOLTAGE (V CE )«4Vd 



6 1 COLLECTOR -TO-EMITTER# 
VOLTAGE (V ce )»4V 5 


BASE-TO-EMITTER VOLTAGE (V 0E )- 


Fig. 10— Typical input characteristics for type 2N6262. 



BASE-TO-EMITTER VOLTAGE (V BE ) — V 

92CS-I9562 

Fig. 1 1— Typical transfer characteristics for type 2N6262. 



COLLECTOR-TO-EMITTER EH 
VOLTAGE (V CE ) * 4 V EH 


0.2 0.4 0.6 0.8 1.0 1.2 1.4 L6 

BASE-TO-EMITTER VOLTAGE (V BE ) — V 

92SS-3232 

Fig. 12— Typical input characteristics for type 2N3442. 






0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 

BASE-TO-EMITTER VOLTAGE (V BE )— V 

92SS-3228 

Fig. 13— Typical transfer characteristics for types 2N3442 and 
2N4347. 


COLLECTOR-TO-EMITTER VOLTAGE (V C e) * 4 V j -| 4 - 


•0 1 COLLECTOR CURRENT (l c )/BASE CURRENT (I B ) = 10 






0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 

BASE-TO-EMITTER VOLTAGE (% E )— V 

S2SS-3227 

Fig. 14— Typical input characteristics for type 2N4347. 



O.UI U.l i.v 

COLLECTOR-TO-EMITTER SATURATION VOLTAGE ly CE (*at)J — V 

92SS-3229 

Fig. 15-Typical saturation-voltage characteristics for all 




2N3442, 2N4347, 2N6262 
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0 20 40 60 80 100 120 140 

COLLECTOR-TO-EMITTER VOLTAGE (V C E>— V 

92CS-I9549 


Fig. 16— Typical large-signal output characteristics for type 
2N6262. 



COLLECTOR-TO-EMITTER VOLTAGE (V CE )— V 


92SS-3249 

Fig. 18- Typical large-signal output characteristics for type 
2N3442. 
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Fig.20-Typical large-signal output characteristics tor type 
2N4347. 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 

COLLECTOR-TO-EMITTER VOLTAGE (%)— V 

92CS-19550 


Fig. 17— Typical small-signal output characteristics for type 
2N6262. 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 

COLLECTOR-TO-EMITTER VOLTAGE (V CE )— V 

92SS-3250 


Fig. 19— Typical small-signal output characteristics for type 
2N3442. 



COLLECTOR-TO-EMITTER VOLTAGE (V CE )— V 


92 SS- 3248 

Fig.21— Typical small-signal output characteristics for type 
2N4347. 
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2N3442, 2N4347, 2N6262 



CASE TEMPERATURE (T C ) — # C 

92LS-I469RI 

Fig.22— Current derating curve for all types. 



I 10 100 IK 10 K 100 K 

EXTERNAL BASE-TO-EMITTER RESISTANCE ( R BE ) — ft 


92CS- 19564 

Fig.23— Sustaining voltage vs. base-to-emitter resistance for 
all types. 



92SS-32I5 


Fig. 24— Reverse-bias, second-breakdown characteristics for 
all types. 


TERMINAL CONNECTIONS 
Pin 1 - Base 
Pin 2 - Emitter 
Case - Collector 
Mounting Flange - Collector 
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Solid State 
Division 


RF Power Transistors 

2N3478 



SILICON N-P-N EPITAXIAL 
PLANAR TRANSISTOR 


For VHF/UHF Applications 
in Industrial and Commercial Equipment 


Features: 


o high gain-bandwidth product - 

f T = 900MHz typ. 

• low noise figure 
NF = 5dB typ. at 470MHz 
4.5dB max. at 200 MHz 
2.5dB typ. at60MHz 


• high unneutralized power gain 
G pe = 1 1.5dB min. at 200MHz 

• hermetically sealed four-lead package 

• all active elements insulated from case 

• low collector-to-base feedback 
capacitance, C c |j 0.7 pF max. 


RCA-2N3478 is an epitaxial planar transistor of 
the silicon n-p-n type with characteristics which make 
it extremely useful as a general purpose rf amplifier 
at frequencies up to 470 MHz. These characteristics 
include an exceptionally low noise figure at high fre- 
quencies, low leakage current, and a high gain-band- 
width product. 

The 2N3478 utilizes a hermetically sealed four- 
lead package in which active elements of the transistor 
are insulated from the case. The case may be grounded 
by means of a fourth lead in applications requiring mini- 
mum feedback capacitance, shielding of the device, 
or both. 

TERMINAL CONNECTIONS 

Lead 1 — Emitter 

Lead 2 - Base 

Lead 3 — Collector 

Lead 4 — Connected to case 



92CS-I2754RI 

Fig. 1 - Rating chart for type 2N3478 


Maximum Ratings, Absolute-Maximum Values: 

Collector-to-Base Voltage, Vqqq 

Collector-to-Emitter Voltage, Vq^q 

Emitter-to-Base Voltage, V^qq 

Collector Current, 1^ 

Transistor Dissipation, PT: 

at ambient ^ up to 25° C 

temperatures J above 25° C 

Temperature Range: 

Storage and Operating (Junction) 

Lead Temperature (During Soldering): 

At distances not closer than 
1/32” to seating surface for 
10 seconds max 


30 max. V 

. 15 max. V 

2 max. V 

limited by dissipation 

200 max. mW 

See Fig. 1 

-65 to 200 °C 

265 max. °C 
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File No. 77 2N347B 


ELECTRICAL CHARACTERISTICS, Atari Ambient Temperature , (T a) of 25° C 


Characteristics 

Symbols 

TEST CONDITIONS 

LIMITS 

Units 

Frequency 

f 

DC 

Col lector- 
to-Emi tter 
Vol tage 

V C E 

DC 

Col lector 
Current 

•c 

Type 

2N3478 

MHz 

V 

m A 

Min. 

Typ. 

Max. 

Collector-Cutoff Current 
(V C B=1 V,I E = 0) 

! CBO 




- 

- 

0.02 

fJL A 

Collector-to-Base Breakdown 

Voltage (Ie - 0) 

bv cbo 



0.001 

30 

~ 


V 

Collector-to-Emitter 

Breakdown Voltage 

bv ceo 



0.001 

15 

- 

- 

V 

Emitter-to-Base Breakdown 

Voltage (Ie = -0.001 mA) 

bv ebo 



0 

2 

__ 

- 

V 

Static Forward-Current 

Transfer Ratio 

h FE 


8 

2 

25 

- 

150 


Magnitude of Small-Signal 

F orward-Current 

Transfer Ratio 

h fe c 

100 

8 

2 

7.5 

9 

16 


Collector-to-Base Feedback 

Capacitance (V^g = 10 V, l£ = 0) 

Ccb b 

0.1 to 1 



- 


0.7 

P F 

Small-Signal, Common-Emitter 
Power Gain in Unneutralized 
Amplifier Circuit (See Fig.4) 

G P e° 

200 

8 

2 

1 11.5 

- 

17 

dB 

Small-Signal, Common-Emitter 
Power Gain in Neutralized 
Amplifier Circuit 

^pe a » c 

470 

6 

1.5 

- 

12 

- 

dB 

UHF Noise Figure 

NF a ' c 

470 

6 

1.5 

- 

5 

- 

dB 

VHF Noise Figure (See Fig.4) 

NF a 
NF a ' d 

200 

60 

8 

8 

2 

1 

- 

2.5 

4.5 

dB 

dB 


a Fourth lead (case) grounded. 

k^cb i s a three terminal measurement of the collector-to-base capacitance 
with the emitter and case connected to the guard terminal. 
c Source Resistance, R g = 50 ohms. 
d Source Resistance, R g = 400 ohms. 
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Fig. 2-Typical small-signal beta characteristics 
for type 2N3478 



Fig. 3-Reverse transadmittance (y re ) 


l 3 



C lt C 4 = 510 pF 
C 2 , C 7 = 2300 P F 
C 3 , C 5 = 2-25 P F 
C 6 = lOpF 
R I = 2000 ohms 
Q = 2N3478 

Lj = l / 2 Turn #14 Formvar* center 
tapped 

Length] - 2 inches 
L 2 = X A Turn #14 Formvar® 

Length 2> ^ 2 = 1 % inches 
L 3 = 1 aiH RF choke 
Source (Generator) Resistance 
Rg = 50 ohms 

Load Resistance R^ = 50 ohms 
* Trademark, Shawindian Products Corporation. 


Fig. 4—200 MHz power gain and noise figure test circuit for type 2N3478 
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2N3478 



Fig. 5— Input admittance (y, e ) 



92CS-I2758RI 

Fig. 6— Output admittance (y oe ) 



Fig. 7— Forward transadmittance (yf e ) 


TERMINAL DIAGRAM 
Bottom View 


Lead 1 - Emitter 
Lead 2 - Base 



Lead 3 - Collector 
Lead 4 - Connected to 
Case 
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Solid State 
Division 


Power Transistors 
2N3583-2N3585 
2N4240, 40374 



High-Voltage Silicon 
N-P-N Transistors 

For High-Speed Switching and 
Linear-Amplifier Applications 
Features 

■ 100-percent tested to assure freedom from second breakdown in both forward- 
and reverse-bias conditions when operated within specified limits 

■ JEDEC TO-66 package for 2N3583, 2N3584, 2N3585, and 2N4240 

■ JEDEC TO-66 package with heat radiator for 40374 

■ Economy types for ac/dc circuits 

■ Fast turn-on time at high collector current 


RCA-2N3583 * 2N3584 * 2N3585 • 2N4240 * and 40374 
are silicon n-p-n transistors with high breakdown voltages and 
fast switching speeds. 

Type 40374 is a 2N3583 with a factory-attached heat 
radiator to increase the free-air dissipation rating. This device 
is intended for those applications which require a power 
transistor for mounting on a printed-circuit board. Tabs are 
provided on the underside of the radiator for mounting 
purposes and making electrical connection to the collector. 


Typical applications for these transistors include high-voltage 
operational amplifiers, high-voltage switches, switching reg- 
ulators, converters, inverters, deflection- and hi-fi amplifiers. 

These transistors are also intended for a wide variety of 
applications in ac/dc commercial equipment. 

Heat-radiator versions of types 2N3584, 2N3585, and 
2N4240 can also be supplied on special order. 


•Formerly Dev. Nos. TA2510, TA2511, TA2512, and TA2871, 
respectively. 


MAXIMUM RATINGS, Absolute-maximum values: 


•COLLECTOR-TO-BASE VOLTAGE 

*COLLECTOR-TO-EMITTER VOLTAGE, sustaining . . 

•EMITTER-TO-BASE VOLTAGE 

•CONTINUOUS COLLECTOR CURRENT 

•PEAK COLLECTOR CURRENT 

•CONTINUOUS BASE CURRENT 

•TRANSISTOR DISSIPATION 

At case temperature (Tq) = 25°C 

At case temperatures above 25°C 

For other conditions 

•TEMPERATURE RANGE: 

Storage & Operating (Junction) 

•PIN TEMPERATURE: 

1/16 in. (1.58 mm) from seating plane for 10 s max. 


v CBO 

2N3583 

250 

2N3584 

375 

2N3585 

2N4240 

500 

40374 

250 

V 

v CEO* sus ) 

175 

250 

300 

175 

V 

v EBO 

6 

6 

6 

6 

V 

'c 

1 

2 

2 

2 

A 


5 

5 

5 

5 

A 

'b 

1 

1 

1 

1 

A 

Pt 

35 

35 

35 

35 

W 


Derate linearly at 0.2 W/°C 
See Figs. 7, 8, 9, 21, 22, & 23 

4 65 to 200 ► °C 

235 235 235 235 °C 


•In accordance with JEDEC registration data format JS-6 RDF-2 (2N3583), JS-6 RDF-1 (2N3584, 2N3585, 2N4240) 
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. 2N3583— 2N3585, 2N4240, 40374 


ELECTRICAL CHARACTERISTICS at Case Temperature (T c ) = 25° C Un/ess Otherwise Specified 


TEST CONDITIONS 


CHARACTERISTIC SYMBOL VOLTAGE 


Collector-Cutoff Current IcEO 
Collector-Cutoff Current IcEX 


At T c = 150°C 


VOLTAGE 

V dc 

CURRENT 

mA dc 

40374 

V CE 

v be 

•c 

'E 

>B 

MIN. 

MAX. 

150 




0 

- 

10 

225 

-1.5 




- 

1.0 

340 

-1.5 




- 

- 

450 

-1.5 




- 

- 

225 

-1.5 




- 

3 


Base-to-Emitter 
Saturation Voltage 
Collector-to-E miner 
Saturation Voltage 


Small-Signal Forward 
Current Transfer Ratio 
f = 5 MHz 
f = 1 kHz 

Magnitude of Common- 
Emitter, Small-Signal, 
Short-Circuit, Forward 
Current Transfer Ratio 

f = 5 MHz 

Output Capacitance: 

V CB = 10 v < f = 1 MHz 
Second-Breakdown 
Collector Current 
with base forward- 
biased** 

(See Figs. 22 & 23) 
Second-Breakdown 
Energy with base 
reverse-biased 

R B e =20U 

L = 100 juH 
Saturated Switching 
Time (V cc = 200 V): 
Rise Time 

(See Figs. 13, 16. 17, 

& 18) 

Storage Time 
(See Figs. 14, 16, 

17, & 18) 

Fall Time 
(See Figs. 15, 16, 

17, & 18) 


MIN. 

MAX. 

MIN. 

- 

5 

- 

- 

1.0 

- 

- 

- 

- 

- 

3 

- 

IBB 

m 

BBI 

8 

80 

8 

40 

: 

40 

25 

100 

25 

250° 


300° 

300° 

- 

400° 

: 

1.4 

— 

_ 

0.75 

■ 


— — — mA 

1.0 - 2.0 














2N3583— 2N3585, 2N4240, 40374 File No. 138 


ELECTRICAL CHARACTERISTICS at Case Temperature (Tq) = 25° C Unless Otherwise Specified (Con't.) 




TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 

SYMBOL 

VOLTAGE 

V dc 

CURRENT 

mA dc 

2N3583 

40374 

2N3584 

2N3585 

2N4240 

UNITS 



WBM 

KE9I 

tm 

m 

m 

FTriJirm 



ffTTTl 


fTTHl 



Thermal Resistance: 

Junction-to-Case 

R 0JC 






5(Max.) 

2N3583 

- 

5 

- 

5 

- 

B 


Junction-to-Ambient 

r 0JA 






70 (Max.) 

2N3583 

30 (Max.) 
40374 

- 

70 

- 

70 

- 

70 

°C/W 


•In accordance with JEDEC registration data format JS-6 RDF-2 (2N3583), JS-6 RDF-1 (2N3584, 2N3585, 2N4240) 

• CAUTION: The sustaining voltages Vceo^ sus ^ and V CER^ SUS ^ MUST NOT be measured on a curve tracer. These sustaining voltages 
should be measured by means of the test circuit shown in Fig. 1 . 

** Specified value of l§/b f° r given value of Vqe as base voltage is increased from zero in a positive direction. 
tEs/b is defined as the energy at which second breakdown occurs under specified reverse bias conditions. E§/b =1/2 Ll^, 
where L is a series load or leakage inductance and I is the peak collector current from Figs. 3, 4, and 5. 
a Pulsed, pulse duration = 300 /is; duty factor ^ 2%. 



Fig. 1— Circuit used to measure sustain- 
ing voltages Vceo(sus) and 
Vcer(sus) for all types. 



92CS-I2875RI 


Fig. 2— Oscilloscope display for meas- 
urement of sustaining voltages 
(test circuit shown in Fig. 1). 
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Fig . 3— Typical co/lector-to-emitter sat- 
uration voltage vs. current for 
types JN3584 and 2N3585. 


Fig. 4— Reverse-bias second breakdown 
characteristics for types 2N3584 
and 2N3585. 
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2N3583— 2N3585, 2N4240, 40374 


CASE TEMPERATURE (T c ) » 25°C 
BASE-TO-EMITTER VOLTAGE (V BE ) *-4V 
INDUCTANCE (L)» 100 p H 
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Fig. 5— Reverse-bias second breakdown 
characteristics for types 2N3584 
and 2N3585. 



Fig. 7— Dissipation derating curves for 
all types . 
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Fig. 6— Reverse-bias second breakdown 
characteristics for types 2N3584 
and2N3585. 



AMBIENT TEMPERATURE (T A ) — °C 
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Fig. 8- Dissipation derating curve for 
types 2 N 3583, 2 N 3584, 

2N3585, and 2N4240. 
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Fig. 9— Dissipation derating curve for 
tvoe 40374. 


Fig. 10— Typical output characteristics 
for types 2N3583 and 40374. 





2N3583— 2N3585. 2N4240, 40374 



BASE-TO-EMITTER VOLTAGE (V BE ) — V 


92SS-3I3I 

Fig. 11 -Typical input characteristics 
for all types. 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 


COLLECTOR CURRENT (I c ) — A 

92SS-3I26R1 

Fig. 13-Typical rise time vs. collector 
current for types 2 N 3584 and 
2N3585. 



92SS-3I25RI 


Fig. 15— Typical fall time vs. collector 
current for types 2N3584 and 
2N3585. 
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EXTERNAL BASE-TO-EMITTER RESISTANCE (R BE )— ft 

92CS- 19939 

Fig. 12— Sustaining voltage vs. base-to- 


emitter resistance for all types. 



92SS-3I28RI 


Fig. 14— Typical storage time vs. col- 
lector current for types 2N3584 
and 2N 3585. 



0 50 100 150 200 250 300 350 

COLLECTOR SUPPLY VOLTAGE (Vcc) — V 

92CS-I9946 


Fig. 1 6— Typical rise time, fall time, and 
storage time vs, collector supply 
voltage for types 2N3584 and 
2N3585. 
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2N3583— 2N3585, 2N4240, 40374 



I B| = x B2 

INPUT PULSE DURATION 1 20 /xs 


92CS-I2585RI 

Fig. 17— Circuit used to measure switching time 
for types 2N3584 and 2N3585. 



92SS-3I20 

Fig.1 9— Typical dc beta vs. collector current for 
types 2N3583, 2N4240, and 40374. 



92CS-I2874 

Fig. 18-Phase relationship between input and output 
currents, showing reference points for speci- 
fication of switching times (test circuit 
shown in Fig.1 7). 
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Fig. 20— Typical dc beta vs. collector current for 
types 2N3584 and 2N3585. 



TERMINAL CONNECTIONS 
FOR TYPES 2N3583, 2N3584, 
2N3585, AND 2N4240 


Pin 1 - Base 
Pin 2 - Emitter 

Case, Mounting Flange - Collector 


TERMINAL CONNECTIONS 
FOR TYPE 40374 

Pin 1 - Base 
Pin 2 - Emitter 
Heat-Radiator - Collector 


Fig.21— Maximum operating areas for type 40374. 
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Fig. 22— Maximum operating areas for types 2N3583, 2N3584, 2N3585, and 2N4240 (dc conditions). 



COLLECTOR-TO-EMITTER VOLTAQE (V ct ) — V 


Fig. 23— Maximum operating areas for types 2N3583, 2N3584, 2N3585, and 2N4240 (pulse conditions). 
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Power Transistors 

2N3771 
2N3772 


Hometaxial n* High- Power 
High-Current Transistors 

Rugged Silicon N-P-N Devices for Applications 
in Industrial and Commercial Equipment 

Features: 

• High dissipation capability 

• VcEX(sus) at 3 A = 50 V min. (2N3771, 2N6257); = 90 V min. (2N3772, 2N6258) 

• 15-A specification for: hpE, Vbe, & VcE(sat) (2N3771, 2N6257) 

• 10-A specification for: liFE. Vbe. ^ VcE(sat) (2N3772, 2N6258) 

® Low saturation voltage with high beta 

RCA-2N3771, 2N3772, 2N6257, and 2N6258 are All devices employ the popular JEDEC TO-3 package; they 

hometaxial-base®, silicon n-p-n transistors intended for a differ in maximum ratings for voltage, current, and power, 

wide variety of high-power, high-current applications, o .. Hometaxial .. was coined by RCA from " homogeneouS " and 

Typical applications for these transistors include "axial" to describe a single-diffused transistor with a base region of 

power-switching circuits, audio amplifiers, series- and homogeneous-resistivity silicon in the axial direction (emitter-to- 

shunt-regulator driver and output stages, dc-to-dc converters, collector). "Hometaxial II" is a term used to describe RCA's 

inverters, and solenoid (hammer)/relay driver service. expanded line of transistors produced by the hometaxial process. 


MAXIMUM RATI NGS, Absolute-Maximum Values: 

*COLLECTOR-TO-BASE VOLTAGE 

♦COLLECTOR-TO-EMITTER VOLTAGE: 

With —1.5 V (V BE ) & R B e = 100 ft 

With base open 

♦EMITTER-TO-BASE VOLTAGE 

♦CONTINUOUS COLLECTOR CURRENT 

♦PEAK COLLECTOR CURRENT 

♦CONTINUOUS BASE CURRENT 

♦PEAK BASE CURRENT 

♦TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

♦TEMPERATURE RANGE: 

Storage & Operating (Junction) 

♦PIN TEMPERATURE (During soldering): 

At distance > 1/32 in. (0.8 mm) from seating plane for 10 s max 
♦in accordance with JEDEC registration data format JS-6 RDF-2. 



2N3771 

2N3772 

2N6257 

2N6258 


v CBO 

50 

100 

50 

100 

V 

V CEX 

50 

80 

50 

90 

V 

v CEO 

40 

60 

40 

80 

V 

vebo 

5 

7 

5 

7 

V 

•c 

30 

20 

20 

30 

A 


30 

30 

30 

30 

A 

>B 

7.5 

5 

5 

7.5 

A 

PT 

15 

15 

15 

15 

A 


150 

150 

See Figs. 

150 

1. 6, & 7 - 

250 

W 
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2N3771, 2N3772, 2N6257, 2N6258 File No. 525 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C Unless Otherwise Specified 



a Pulsed; pulse duration = 300 us, rep. rate = 60 Hz, duty factor ^ 2%. 

b ls/b ' s denned as the current at which second breakdown occurs at a specified collector voltage with the emitter-base junction forward biased 
for transistor operation in the active region. 

c Eg/b is defined as the energy at which second breakdown occurs under specified reverse-bias conditions. Eg/b = V4LI^, where L is a series load 
or leakage inductance and I is the peak collector current. 
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2N3771, 2N3772, 2N6257, 2N6258 
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CASE TEMPERATURE (T c ) — °C 

Fig. 1— Derating curve for all types. 


i 200 

92LS-I764RI 



Fig.2-Thermal-cycle rating chart for type 2N6258. 



92CS-I949I 

Fig.3— Thermal-cycle rating chart for types 2N3771, 
2N3772, and 2N6257. 
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Fig.4— Reverse-bias second-breakdown characteristics for all 
types. 
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2N3771, 2N3772, 2N6257, 2N6258 


File No. 525 



COLLECTOR-TO-EMITTER VOLTAGE (V C E ) V 


Fig.6-Maximum operating areas for types 2N6258. 
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2N3771, 2N3772, 2N6257, 2N6258 File No. 525 




Fig. 10— Typical dc beta characteristics for type 2N3772 and 
2N6257. 



Fig. 12-Typical dc beta characteristics for type 2N3771. 



Fig.9— Typical saturation -voltage characteristics for type 
2N6258. 



92CS-I9498 


Fig. 11 -Typical saturation-voltage characteristics for types 
2N3772 and 2N6257. 
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Fig.1 3— Typical saturation-voltage characteristics for type 
2N3771. 
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COLLECTOR CURRENT (I C ) A ^ COLLECTOR CURRENT (I C ) A COLLECTOR CURRENT (I C ) 



BASE-TO-EMITTER VOLTAGE (V BE )—V 


COLLECTOR-TO-EMITTER VOLTAGE (V C E>“ 


Fig. 18-Typical transfer characteristics for type 2N3771. Fig 19-Typical output characteristics for type 2N3771. 
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Fig.20-Typical input characteristics for type 2N6258. 



Fig. 27 -Typical input characteristics for types 2N3771 and 
2N6257. 
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Fig.22-Typical input characteristics for type 2 N 37 72. 


TERMINAL CONNECTIONS 

Pin 1 — Base 
Pin 2 — Emitter 
Case — Collector 
Mounting Flange — Collector 
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TOCBZO 

Solid State 
Division 


Power Transistors 
2N3773 
2N4348 
2N6259 



Hometaxial IT High-Current 
Silicon N-P-N Transistors 

Rugged High-Voltage Devices for Applications 
in Industrial and Commercial Equipment 

Features: 

■ High dissipation capability — 

120 W (2N4348), 150 W (2N3773), 250 W (2N6259) 

■ 5-A specification for h pe # VbE/ & VcE^sat) (2N4348) 

■ 8-A specification for hpE, Vbe* & VQE(sat) (2N3773, 2N6259) 

■ VcEX- 

140 V min (2N4348), 160 V min (2N3773), 170 V min (2N6259) 

■ Low saturation voltage with high beta 


RCA-2N3773, 2N4348, and 2N6259 are hometaxial-base* 
silicon n-p-n transistors intended for a wide variety of high- 
voltage high-current applications. Typical applications for 
these transistors include power-switching circuits, audio ampli- 
fiers, series- and shunt-regulator driver and output stages, 
dc-to-dc converters, inverters, and solenoid (hammer)/relay 
driver service. 


These devices employ the popular JEDEC TO-3 package; they 
differ in maximum ratings for voltage, current, and power. 

• "Hometaxial" was coined by RCA from "homogeneous" and "axial" 
to describe a single-diffused transistor with a base region of homogene- 
ous-resistivity silicon in the axial direction (emitter-to-collector). 
"Hometaxial II" is a term used to describe RCA's expanded line of 
transistors produced by the hometaxial process. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

‘COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

* With base open 

With reverse bias (Vg^) of —1.5 V 

*EMITTER-TO-BASE VOLTAGE 

‘COLLECTOR CURRENT: 

Continuous 

Peak 

‘BASE CURRENT: 

Continuous 

Peak 

‘TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

‘TEMPERATURE RANGE: 

Storage & Operating (Junction) 

*PIN TEMPERATURE (During Soldering): 

At distances >1/32 in. (0.8 mm) from case for 10 s max. 



2N4348 

2N3773 

2N6259 


VCBO 

140 

160 

170 

V 

v CEO 

120 

140 

150 

V 

V CEX 

140 

160 

170 

V 

v EBO 

7 

7 

7 

V 

•c 






10 

16 

16 

A 


30 

30 

30 

A 

•b 






4 

4 

4 

A 


15 

15 

15 

A 

Pt 






120 

150 

250 

W 


«« See Figs. 1 . 4, 7, 8t 22 — ► 






° c 



— OO IU • 4AJKJ 

230 


°C 


In accordance with JEDEC registration data format (JS-6, RDF-2).' 
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2N3773, 2N4348, 2N6259 File No. 526 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) =25°C Unless Otherwise Specified 




TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 

SYMBOL 

VOLTAGE 

CURRENT 







UNITS 



V 

dc 

A dc 

2N4348 

2N3773 

2N6259 




V CE 

V BE 

'c 

<B 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 


Collector-Cutoff Current: 

With emitter open, VQg=140 V 

'CBO 





- 

- 

- 

2 

- 

- 

mA 

With base-emitter 


120 

-1.5 



- 

2 

- 


- 

- 

mA 

junction reverse-biased 

'CEX 

140 

— 1.5 



- 

_ 

- 

2 

— 

- 


150 

— 1.5 



— 

— 

— 

— 

— 

0.2 


With base-emitter 


120 

-1.5 



- 

10 

- 

- 

- 

- 


junction reverse-biased 

'CEX 

140 

-1.5 



- 

- 

- 

10 

- 

- 

mA 

and Tc = 150°C 


150 

-1.5 



- 

- 

- 

- 

- 

4 




100 




_ 

200 

_ 

_ 


_ 


With base open 

'CEO 

120 




- 


- 

10 

- 

2 

mA 

Emitter-Cutoff Current 

'EBO 


-7 

0 


- 

5 

- 

5 

- 

2 

mA 



4 


5 a 


15 

60 

- 

- 

- 

_ 




4 


8 a 


_ 

_ 

15 

60 

_ 

_ 


DC Forward Current 

h FE 

2 


8 a 


_ 

_ 

_ 


15 

60 


Transfer Ratio 

4 


10 a 


10 

- 

_ 

- 






4 


16 a 


- 

- 

5 

- 

10 

- 


Collector-to-Emitter 













Sustaining Voltage: 

V CEX< SUS > 


-1.5 

0.1 


140 

- 

160 

- 

170 

- 

V 

With base-emitter junction 













reverse-biased (Rbe = 100^) 













With external base-to-emitter 

Vcer( sus > 



0.2 a 


140 


,1 50 


160 


V 

resistance (R BE ) = 100fl 












With base open 

v CEO (sus) 



0.2 3 

0 

120 

- 

140 

- 

150 

- 

V 



4 


5 a 


_ 

2 

_ 

_ 

_ 

_ 




4 


8 a 


_ 

_ 

_ 

2.2 

_ 

_ 


Base-to-Emitter Voltage 

< 

03 

m 

2 


8 a 


_ 

_ 

_ 


_ 

2 

V 



4 


10 a 


- 

3 

- 

- 

- 

- 






5 a 

0.5 

- 

1 

- 

_ 

_ 

- 


Collector-to-Emitter 




8 a 

0.8 

- 

- 

- 

1.4 

- 

1 


Saturation Voltage 

VcE< sat ) 



10 a 

1.25 

- 

2 

- 

- 

- 

- 






1 6 a 

3.2 

- 

- 

- 

4 

- 

2.5 


Second- Breakdown 













Collector Current 

'S/b b 












With base forward-biased and 

80 




1.5 

- 

- 

- 

- 

- 

A 

1-s nonrepetitive pulse 


100 




- 

- 

1.5 

- 

2.5 

- 


Second-Breakdown Energy 













With base reverse-biased and 

Es/b c 


-1 .5 

2.5 


0.125 

- 

0.125 

- 

0.125 

- 

J 

L = 40 mH, R BE = 100n 













Magnitude of Common-Emitter, 













Small -Signal, Short-Circuit, 
Forward Current Transfer 

Ratio (f = 50 kHz) 

l hfe l 

4 


1 


4 

“ 

4 

- 

4 

- 



Common-Emitter, Small- 













Signal, Short-Circuit, 

Forward Current Transfer 

Ratio (f = 1 kHz) 

hfe 

4 


1 


40 

- 

40 

- 

40 

- 


Thermal Resistance 







1.46 


1.17 


0.7 

°c/w 

R 0JC 








Junction-to-Case 










In accordance with JEDEC registration data format JS-6 RDF-2. 
a Pulsed; pulse duration = 300/us, rep. rate = 60 Hz. 

b ls/b ' s defined as the current at which second breakdown occurs at a specified collector voltage with the emitter-base junction forward-biased for 
transistor operation in the active region. 

c Es/b ' s defined as the energy at which second breakdown occurs under specified reverse-bias conditions. Eg/t> = 1 /2L 1 2 where Lisa series load or 
leakage inductance and I is the peak collector current. 
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2N3773, 2N4348, 2N6259 


, ' r c MAX. 
j (PULSED) 


PULSE OPERATION* 1 



: CASE TEMPERATURE 
ti (CURVES MUST BE DERATED LINEARLY 
r WITH INCREASE IN TEMPERATURE.) 

13 laSIEHEIEIZEEE^ 

fi pi* FOR SINGLE 
Hi NONREPETITIVE : 

PULSE 

4 !“‘T-Trrr:TTTriTTTTTFrfT 

i ** NORMALIZED POWER 
|~ MULTIPLIER 


4 6 8 |o 2 4 6 8 100 2 

COLLECTOR -TO- EMITTER VOLTAGE (Vce>— V 

92CS- 19561 


Fig. 1 -Maximum operating areas for type 2N6259. 



Fig. 2— Therrhcbcyde rating chart for type 2N6259. 



Fig.3— Typical dc beta characteristics for type 2N6259. 
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Fig. 14— Typical input characteristics for type 2N4348. 


Fig. 15-Typical transfer characteristics for type 2N4348. 
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2N3773, 2N4348, 2N6259 



92CS-I9534 


Fig. 16— Typical output characteristics for type 2N6259. Fig. 17— Typical saturation-voltagecharacteristicsfortype2N6259. 



92SS-330I 


Fig. 18— Typical output characteristics for type 2N3773. Fig. 19- Typical saturation-voltage characteristics for type2N3773. 



Fig.20— Typical output characteristics for type 2N4348. Fig.21 -Typical saturation-voltagecharacteristics for type2N4348. 
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File No. 229 

OUQBZ/D 

Solid State 
Division 


RF Power Transistors 

2N3839 


RCA-2N3839* is a double-diffused epitaxial planar 
transistor of the silicon n-p-n type. It is extremely use- 
ful in low-noise- amplifier, oscillator, and converter 
applications at frequencies up to 500 MHz in the com- 
mon-emitter configuration, and up to 1200 MHz, in the 
common-base configuration. 

The 2N3839 is mechanically and electrically like 
the 2N2857, but has a sub stanti ally lower noise figure. 

The 2N3839 utilizes a hermetically sealed four- 
lead JEDEC TO-72 package. All active elements of 
the transistor are insulated from the case, which may 
be grounded by means of the fourth lead in appli- 
cations requiring shielding of the device. 


SILICON N-P-N 
EPITAXIAL PLANAR 
TRANSISTOR 

For Low-Noise UHF Applications 
in Industrial and Military Equipment 

FEATURES 



JEDEC 

TO-72 


Maximum Ratings, Absolute-Maximum Values: 
COLLECTOR-TO-BASE VOLTAGE, V CB0 - - 30 max. V 


COLLECTOR-TO-EMITTER 

VOLTAGE, V C EO 15 max. V 

EMITTER-TO-BASE VOLTAGE, V EB0 2.5 max. V 

COLLECTOR CURRENT, I c 40 max. mA 

TRANSISTOR DISSIPATION, P T : 

For operation with heat sink: 

At case ( up to 25°C 300 max. mW 

temperatures**^ above 25°C Derate at 1.72 mW/°C 

For operation at ambient temperatures: 

At ambient ( up to 25°C 200 max. mW 

temperatures ^ above 25°C Derate at 1.14 mW/°C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) -65 to +200 °C 


LEAD TEMPERATURE (During Soldering): 


• very low device noise figure — 

NF =3.4 dB max. as 450-MHz amplifier 

• high gain-bandwidth product — 

f j = 1000 MHz min. 

o high converter (450-to-30 MHz) gain — 

G c = 15 dB typ. for circuit bandwidth of approximately 
2 MHz 

© high power gain as neutralized amplifier — 

Gp e = 12.5 dB min. at 450 MHz for circuit bandwidth 
of 20 MHz 

© high power output as UHF oscillator — 

P 0 = 30 mW min., 40 mW typ. at 500 MHz 
= 20 mW typ. at 1 GHz 


At distances >. 1/32 inch from seating 

surface for 10 seconds max 265 max. °C 


* Formerly Dev. No. T A- 2363 

** Measured at center of seating surface. 



Fig.l - Neutralized amplifier circuit used to measure 
450-MHz power gain and noise figure for type 2N3839. 


© low collector-to-base time constant — 

r b ,c c " 7 p s f yp* 

© low collector-to-base feedback capacitance — 

C cb = 0 - 6 p f f yp- 


NOTE 1: (NEUTRALIZATION PROCEDURE): (A) CONNECT A 
450-MHz SIGNAL GENERATOR (WITH R g = 50 OHMS) TO THE 
INPUT TERMINALS OF THE AMPLIFIER. (B) CONNECT A 
50-OHM RF VOLTMETER ACROSS THE OUTPUT TERMINALS OF 
THE AMPLIFIER. (C) APPLY V£E- AND WITH THE SIGNAL 
GENERATOR ADJUSTED FOR 5 mV OUTPUT FROM THE AMPLI- 
FIER, TUNE Cl, C3, AND C4 FOR MAXIMUM OUTPUT. (D) INTER- 
CHANGE THE CONNECTIONS TO THE SIGNAL GENERATOR AND 
THE RF VOLTMETER. (E) WITH SUFFICIENT SIGNAL APPLIED 
TO THE OUTPUT TERMINALS OF THE AMPLIFIER, ADJUST C2 
FOR A MINIMUM INDICATION AT THE INPUT. (F) REPEAT 
STEPS (A), (B), AND (C) TO DETERMINE IF RETUNING IS 
NECESSARY. 

NOTE 2: Li & L2— SILVER-PLATED BRASS ROD, 1-1/2 "LONG 
x 1/4 "DIA. INSTALL AT LEAST 1/2 "FROM NEAREST VERTICAL 
CHASSIS SURFACE. 

NOTE 3: EXTERNAL INTERLEAD SHIELD TO ISOLATE THE 
COLLECTOR LEAD FROM THE EMITTER AND BASE LEADS. 
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ELECTRICAL CHARACTERISTICS, At an Ambient Temperature , Tj\, of 25°C, Unless Otherwise Specified 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS j 

LIMITS 

UNITS 

FREOUENCY 

f 

DC 

COLLECTOR- 

TO-BASE 

VOLTAGE 

V CB 

DC 

COLLECTOR- 
T0- EMITTER 
VOLTAGE 
V CE 

DC 

EMITTER- 

TO-BASE 

VOLTAGE 

V E B 

DC 

EMITTER 

CURRENT 

■e 

DC 

BASE 

CURRENT 

>B 

DC 

COLLECTOR 

CURRENT 

■c 

TYPE 

2N3839 

MHz 

V 

V 

V 

mA 

mA 

mA 

Min. 

Typ. 

Max. 

Collector-Cutoff Current 

Ta = 25°C 

Ta - 150°C 

’CBO 


15 

15 



0 

0 





10 

1.0 

nA 

mA 

Col lector-to- Base 

Breakdown Voltage 

bv cbo 





0 


0.001 

30 


* 

V 

Collector-to- Emitter 
Breakdown Voltage 

bv ceo 






0 

3 

15 



V 

Emitter- to- Base 

Breakdown Voltage 

bv ebo 





0.01 


0 

2.5 



V 

Static Forward Current- 
Transfer Ratio 

h FE 



1 




3 

30 


150 


Small-Signal Forward 
Current-Transfer Ratio 

h fe 

0.001 c 

100 c 


6 

6 




2 

5 

50 

10 


220 

20 


Collector-to- Base 

Feedback Capacitance 

B cb 

0.1 to 1.0 b 

10 



0 




0.6 

1.0 

PF 

Input Capacitance 

Cjb 

0.1 to 1.0 



0.5 



0 


1.4 


PF 

Col lector-to-Base 

Time Constant 

r b' c c 

31. 9 C 

6 



-2 



1 

7 

15 

ps 

Small-Signal, Common- 
Emitter Power Gain in 
Neutralized Amplifier 
Circuit (See Fig. 1) 

B pe 

450 c 


6 




1.5 

12.5 


19 

dB 

Power Output as Oscillator 
(See Fig 2) 

Po 

>500° 

10 



-12 



30 



mW 

UHF Measured Noise Figure 
(See Fig.l) 

NF 

450 c ' d 


6 




1.5 


. 

3.9 

dB 

UHF Device Noise Figure 

NF 

450 c ' d ' f 


6 




1.5 



3.4 

dB 

VHF Measured Noise Figure 

NF 

60 c,e 


6 




1 


2 


dB 


a Lead No.4 (case) not connected. 

b 3-terminal measurement with emitter and case connected to guard 
terminal. 

c Lead No.4 (case) grounded. 
d Generator resistance, Rg = 50 ohms. 


e Generator resistance, Rg = 400 ohms. 

* Device noise figure is approximately 0.5 dB lower than the meas- 
sured noise figure. The difference is due to the insertion loss at 
the input of the test circuit (0.25 dB) and the contribution of the 
following stages in the test setup (0.25 dB). 



Q = 2N3839 


Fig. 2 - Oscillator circuit used to measure 500-MHz. 
power output for type 2N3839. 
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2N3839 


<2° : 

<n <r 

4^20 

COMMON-EMITTER CIRCUIT, BASE INPUT; 
OUTPUT SHORT-CIRCUITED 

FREQUENCY (f) *100 MHz 

AMBIENT TEMPERATURE (T A ) = 25°C 
COLLECTOR-TO-EMITTER VOLTS (V CE )*6 



- 
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Fig. 3 - Small-Signal Beta Characteristic for Type 2N3839. 
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Fig. 4 - Rating Chart for Type 2N3839. 


TWO-PORT ADMITTANCE (y) PARAMETERS AS FUNCTIONS OF COLLECTOR CURRENT (l c ) 



Fig. 5 - Input Admittance (yie). 
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Fig. 6 - Output Admittance (y oe ). 
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Fig. 7 - Forward Transadmittance (yf e ). 
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TWO-PORT ADMITTANCE (y) PARAMETERS AS FUNCTIONS OF FREQUENCY (f) 




FREQUENCY (f) MHz 


92CS— I2I56R2 


Fig. 9 - Input Admittance (yie)- 


Fig. 10 - Output Admittance 
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COMMON-EMITTER CIRCUIT} INPUT SHORT-CIRCUITED. 
COLLECTOR-TO-EMITTER VOLTS (V CE ) = 6 

COLLECTOR MILLIAMPERES <X C ) = I.5 

AMBIENT TEMPERATURE (T A ) * 25° C 
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Fig. 11 - Forward Transadmittance (yf e ). 


Fig. 12 - Reverse Transadmittance (y re ). 


TERMINAL CONNECTIONS 

LEAD 1 - EMITTER 
LEAD 2- BASE 
LEAD 3- COLLECTOR 
LEAD 4 - CONNECTED TO 
CASE 
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Solid State 
Division 


Power Transistors 
2 IN 3878 2N5202 
2N3879 2N6500 
4037 8 



High-Speed, Epitaxial-Collector 
Silicon N-P-N Transistors 

For High-Speed Switching and 
Linear-Amplifier Applications 

Features: 

° Maximum-area-of-operation curves for dc and pulse operation 
° Rated for safe operation in both forward- and reverse-bias conditions 
° High sustaining voltage 

° Total saturated transition time less than 1 fxs 
for 2N3879, 2N5202, and 2N6500 


RCA-2N3878, 2N3879, 2N5202, and 2N6500° are epitaxial 
silicon n-p-n transistors. The 2N3878 is an amplifier type 
intended for audio-, ultrasonic-, and radio-frequency circuits. 
Types 2N3879, 2N5202, and 2N6500 are switching transistors 
intended for use in high-current, high-speed switching circuits. 
Type 40375 is a 2N3878 with a factory-attached heat radiator; 
it is intended for printed circuit-board applications. 


Typical applications for these transistors include: low-distor- 
tion power amplifiers, oscillators, switching regulators, series 
regulators, converters, and inverters. 


° Formerly RCA Dev. Type Nos. TA2509, TA2509A, TA7285, and 
TA8932, respectively. 


MAXIMUM RATINGS, A bsolute-Maximum Values: 


2N3878 







40375 

2N3879 

2N5202 

2N6500 


♦COLLECTOR-TO-BASE VOLTAGE 

v CBO 

120 

120 

100 

120 

V 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 







With external base-to-emitter resistance (Rbe) = 50 ft. 

VcER(sus) 

65 

90 

75* 

110* 

V 

With base open 

VceoLus) 

50* 

75* 

50 

90* 

V 

*EMITTER-TO-BASE VOLTAGE 

v EBO 

7 

7 

6 

7 

V 

♦CONTINUOUS COLLECTOR CURRENT .... 

'c 

4 

7 

4 

4 

A 

PEAK COLLECTOR CURRENT 

'CM 

10 

10 

5 

5 

A 

♦CONTINUOUS BASE CURRENT 

'b 

4 

5 

2 

3 

A 

♦TRANSISTOR DISSIPATION 

Pt 






At case temperature (Tq) = 25°C 


35 (2N3878) 

35 

35 

35 

W 

At case temperatures above 25°C 


Derate linearly at 0 

.2 W/°C 



At ambient temperature (T/^) = 25°C 


5.8 (40375) 

- 

- 

- 

W 

For other conditions 


See Figs. 

5, 6, 7, and 8 



♦TEMPERATURE RANGE: 






°C 

Storage & operating (Junction) 



- -65 to 200 


♦PIN TEMPERATURE: 







1 / 32 in. (0.8 mm) from seating plane for 10 s max. . 


235 

235 

235 

235 

°C 


* In accordance with JEDEC registration data format JS-6 RDF-2 (2N3878); JS-6 RDF-1 (2N3879, 2N5202, 2N6500). 
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ELECTRICAL CHARACTERISTICS, A t Case Temperature (Tq) = 25°C unless otherwise specif ied: 




TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 

SYMBOL 

VOLTAGE 

Vdc 

CURRENT 
A dc 

2 N 3878 
40375 

2N3879 

2N5202 

2N6500 

UNITS 





B 

Q 


Max. 


Qjjj 


g 




Collector Cutoff Current: 




i 

■ 

■ 




■ 

n 

■ 

■ 


With base-emitter junction reverse- 





■ 


- 


- 






biased 

f CEV 




■ 

B 

25 

■ 

25 

n 

H 

9 

Kfl 




BQ 












With base-emitter junction 

100 





— 

4 

— 

■Ql 

— 



reverse-biased and Tc = 1 50°C 


110 

KM 



B 

Bi 

- 

~ 

- 

■fl 

- 

B 




40 



0 


5* 

_ 

^B~BB| 

_ 





With base open 

'CEO 

70 



0 

- 


- 

■ 

- 

- 

- 

H 

mA 

Emitter Cutoff Current 



Q 



- 

10 

- 

■ 

■ 

10 

■ 

H 

mA 

Collector-to-Emitter Sustaining 



■ 





* 




* 

■ 

BI 

Voltage (see Figs. 3 and 4): 

With base open 

v CEO< sus * 


1 

0.2 

0 

50a 


75a 


50 a 


90 a 

B 

















With external base-to-emitter 
resistance (R BE ) = 50 ft 

v CER<sus) 






- 

90 a 

- 


- 

u 

B 

■ 



1.2 


4 b 

m 

_ 

_ 

_ 

_ 

10* 

100* 

B 

_ 




2 


0.5 b 


40* 

200* 

- 

- 

- 

- 

■ 

- 


DC Forward-Current Transfer 


2 


3 b 


- 

- 

- 

- 

- 

- 

BBS 

60* 

■ 

Ratio 

h FE 

2 


4 b 


8* 

- 

12* 

100* 

- 

- 

M 

- 

■ 



5 


4 b 


20* 

- 

20 

80 

- 

- 


- 




5 


0.5 b 

B 

50* 


40 

- 

- 

- 


- 

BI 

Collector-to-Emitter 

Vc E (sat) 



B£B 

QB 

■ 


_ 


_ 


B 

El 

V 

Saturation Voltage 



B 

QB 

B 

Efl 

- 

19 

- 

0 

B 

B 


V BE 

2 


m 



m 

- 


- 


- 


V 





mm 

BIB 


_ 

_ 


_ 

m 

_ 

wtm 


Voltage 



El 

m 

B 

- 

- 

91 

- 

I 

- 

B 

V 

Collector-to-Base Output 



■ 



■ 


9| 




Bj 



Capacitance : 



■ 


jjjBE 




175 




175 

pF 

(f = 1 MHz, V CB = 10 V) 



m 

B 






m 


EBi 



Second Breakdown Collector Current: 




■ 

■ 










With base forward-biased and 



■ 

B 

■ 

750 



fl 


■ 

400 

- 

mA 

1-s nonrepetitive pulse 



HQ| 

■ 











Second-Breakdown Energy: 


■ 


■ 

m 

B 



| 


n 


■ 


With base reverse-biased and 






1 









R BE = 50 n, V BB = —4 V 

At L = 50 pH 

E S /b C 

| 


B 

■ 

m 

■ 


■ 

0.4 



B 

mJ 

At L = 1 25 pH 





■ 

B 




- 


0.5 

a 


Magnitude of Common Emitter, 

■ 







■1 







Small-Signal, Short-Circuit, 
Forward-Current Transfer 

Ratio'-(f = 10 MHz) 

■ 


1 


1 

B 

1 

B 

fl 

fl 

1 


1 

■ 

91 

Common-Emitter, Small-Signal, 

■ 



E 









■1 


Short-Circuit, Forward-Current 
Transfer Ratio:(f = 1 kHz) 




1 


40 



B 

fl 



■ 


Thermal Resistance: 






2N3878 








Junction-to-case 

r 0jc 





- 

5 

- 

5 

- 

5 

- 

5 

°c/w 







40375 







Junction-to-ambient 

r 0ja 





- 

30 

- 

- 

- 

- 

- 

- 



In accordance with JEDEC registration data format JS-6 RDF-2 
(2N3878); JS-6 RDF-1 (2N3879. 2N5202, 2N6500). 

CAUTION: Sustaining voltages V CE0 (sus) and V CER (sus) MUST 
NOT be measured on a curve tracer. 


b Pulsed, pulse duration = 300 ps, duty factor < 2 %. 

C E S/b is defined as the energy at which second breakdown occurs 
under specified reverse-bias conditions. E$/b = 1/2 LI 2 where L is a 
series load or leakage inductance and I is the peak collector current. 
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2N3878— 9, 2N5202, 2N6500, 40375 


TRANSITION AND STORAGE-TIME CHARACTERISTICS FOR SWITCHING TYPES, At Case Temperature (T c ) = 25°C: 




TEST CONDITIONS 

LIMITS 




VOLTAGE 

CURRENT 








CHARACTERISTIC 

SYMBOL 

V dc 

A dc 

2N3879 

2N5202 

2N6500 

UNITS 



V CC 

•c 

>B 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 


Saturated Switching 
Time (see Figs. 1 , 2, 


30 

30 

3 

4 

0.3 a 

0.4 a 

- 

40 

- 

- 

- 

40 


18, 20, and 22.) 

*d 

30 

4 

0.8 a 

_ 


_ 

40 

_ 

_ 


Delay time 













30 

3 

0.3 a 

- 

- 

- 

- 

- 

400 


Rise time 

t r 

30 

4 

0.4 a 

- 

400 

- 

- 

- 

- 




30 

4 

0.8 a 

- 

- 

- 

400 

- 

- 




30 

3 

0.3 a 

- 

- 

- 

- 

- 

1000 

ns 

Storage time 

l s 

30 

4 

0.4 a 

- 

800 

- 

- 

- 

- 




30 

4 

o 

00 

- 

- 

- 

1200 

- 

- 




30 

3 

0.3 a 


- 

- 

- 

- 

500 


Fall time 

*f 

30 

4 

0.4 a 


400 

- 

- 

- 

- 




30 

4 

0.8 a 



- 

400 

- 




In accordance with JEDEC registration data format (JS-6, RDF-1) 


I C MONITOR 
TEKTRONIX P602I 



92CS-23754 


'Bi = , B 2 



Fig. 1 — Circuit used to measure switching times 
for 2N3879, 2N5202, and 2N6500. 


Fig.2 — Oscilloscope display for measurement of switching times. 
(Circuit shown in Fig. 1 ). 




Fig. 3 — Circuit used to measure sustaining voltages, Vq£q(sus) 
and VcEp(sus) for all types. 


92CS-I3240R2 

The sustaining voltages Vqeq(sus) and Vcer(sus) are acceptable when 
the traces fall to the right and above point "A" for types 2N3878, 
40375, and 2N5202; point *'B" for type 2N3879; and point "C" for 
type 2N6500. The sustaining voltage Vcer(sus) is acceptable when 
the trace falls to the right and above point "D" for type 2N5202. 

Fig. 4 — Oscilloscope display for measurement of sustaining 
voltages. (Circuit shown in Fig.3.) 


157 




2N3878— 9, 2N5202, 2N6500, 40375 


File No. 766 



92CS-23755 

Fig. 5 — Maximum operating areas for 2N3878. 




Note: Use ambient temperature for derating 40375. 

Fig. 6 — Dissipation derating for all types. Fig. 7 — Maximum operating areas for 40375. 

TERMINAL CONNECTIONS 

Pin 1 — Base 
Pin 2 — Emitter 

Heat Radiator — Collector (40375) 

Case, Mounting Flange — Collector (2N3878, 

2N3879, 2N5202, 2N6500) 
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2N3878— 9, 2N5202, 2N6500, 40375 . 


File No. 766 



BASE-TO-EMITTER VOLTAGE (V BE )— V 

92CS-I3228 

Fig. 11 — Typical transfer characteristics for all types. 
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Fig. 12 — Typical dc beta characteristics for 
2N3878, 2N3879, and 40375. 
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Fig. 13 — Typical output characteristics for 

2N3878, 2N3879, 2N5202, and 40375. 




Fig. 14 - Typical dc beta characteristics for 2N5202. 
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Fig. 15 — Typical output characteristics for 2N6500. 
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Fig. 16 — Typical dc beta characteristics for 2N6500. 
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92CS- 13236 

Fig. 17 — Typical saturation-voltage characteristics 
for 2N3878, and 2N3879. 



COLLECTOR CURRENT (I_) —A 

L 92SS-3697 


Fig. 19 — Typical saturation-voltage characteristics 
for 2N5202. 



Fig.21 — Typical saturation-voltage characteristics 
for 2N6500. 
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Fig. 18 - Typical turn-on time for 2N3879, 2N5202, 
and 2N6500. 
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COLLECTOR CURRENT (I C ) —A 

92CS-I3237 

Fig. 20 — Typical storage time for 2 N 3879, 2 N 5202, 
and 2N6500. 



COLLECTOR CURRENT CI C ) — A 

92CS-I3235 

Fig. 22 — Typical fall time for 2N3879, 2N5202, 
and 2N6500. 
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Solid State 
Division 


Power Transistors 

2N4036 2N4037 2N4314 
40391 40394 



Medium-Power Silicon 
P-N-P Planar Transistors 

General-Purpose Types for 
Industrial and Commercial Applications 

Features: 

■lUS} are p-n-p complements of { 

■ Gain-bandwidth product (f-j.) = 60 MHz min 

■ High breakdown voltages 

■ Maximum-area-of-operation curves 

■ Planar construction provides low 
noise and low leakage 

■ Low saturation voltages 

■ High pulsed beta at high collector current 
" Fast switching (2N4036) 


These devices are available with either VA- 
inch leads (TO-5 package) or %-inch leads 
(TO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num- 
ber; the shorter-lead versions are specified by 
suffix “S" after the type number. 


The 2N4036, 2N4037, 2N4314 A , 40391, and 40394 are 
double-diffused, epitaxial-planar, silicon p-n-p transistors; they 
differ in breakdown-voltage ratings, leakage-current, and sat- 
uration characteristics. The 40391 is a 2N4037 with a factory- 
attached heat radiator, intended for printed-circuit-board appli- 
cations. Type 40394 is a 2N4037 with a factory-attached 
diamond-shaped mounting flange. 

These transistors are intended for a wide variety of small- 
signal medium-power applications. With a minimum gain- 


bandwidth product (fj) of 60 MHz, these devices provide use- 
ful gain at high frequencies. In addition, the 2N4036 is 
useful in high-speed saturated switching applications. 


Formerly Dev. Nos. TA2651 , TA2670, and TA2670A, 
respectively. 

AA 2N2102 is a linear-beta type; the 2N3053 is a general-purpose type. 
For technical bulletins for these types, write to RCA Solid State 
Division, Box 3200, Somerville, N. J. 08876. 


MAXIMUM RATINGS, Absolute Maximum Values: 

* COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 
With 1 .5 volts (Vg^) of reverse bias 


* EMITTER-TO-BASE VOLTAGE 

* COLLECTOR CURRENT 

* BASE CURRENT 

* TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At free-air temperatures up to 25°C 

At temperatures above 25°C 

For pulsed operation 

* TEMPERATURE RANGE: 

Storage & Operating (Junction) 

* LEAD TEMPERATURE (During soldering): 

At distance :> 1/16 in. ( 1.58 mm) 

from seating plane for 10 s max 




2 N 4037 




2N4036 

40391,40394 

2N4314 


V CBO 

- 90 

- 60 

-90 

V 

V CEV (sus) 

-85 

- 60 

-85 

V 

V CER (sus) 

-85 

-60 

-85 

V 

V CEO <sus) 

-65 

-40 

- 65 

V 

V EBO 

-7 

- 7 

- 7 

V 

! C 

- 1.0 

- 1.0 

- 1.0 

A 

' B 

- 0.5 

- 0.5 

-0.5 

A 

P T 






7 

7(2N4037) 

7 

W 


— 

7(40394) 

— 

W 


1 

3.5(40391) 

1 

W 


- 

K2N4037, 40394) 

- 

W 



— See Figs. 6 end 7- 










— — See Fig. 1 







°C 



— bb to 2 UU 

230 


°c 


' In accordance with JEDEC registration data format (JS-6 RDF-1 2N4036; JS-9 RDF-2 2N4037, 2N4314). 
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File No. 216 2N4036, 2N4037, 2N4314, 40391, 40394 


ELECTRICAL CHARACTERISTICS, at Case Temperature (T c ) = 25°C unless otherwise specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS j 

LIMITS | 

UNITS 

VOLTAGE 

V dc 

CUR- 
RENT 
mA dc 

2N4036 

2N4037 

40391 

40394 

2N4314 

Collector Cutoff Current: 

With emitter open 

'CBO 

V CB 

V CE 


'c 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

- 90 

- 60 




- 

- 0.1* 

-0.02 

“ 

- 0.25* 


- 0.25* 

» A 

With base open 

'cEO 


- 30 



- 

- 0.5* 

- 

- 5* 

- 

- 5« 

n A 

With base-emitter junction 
reverse biased 

'CEX 


-85 

1.5 



- 100* 





mA 

T c = 150°C 


- 30 

1.5 


" 

- 0.1« 


- 

- 


'Emitter Cutoff Current 

'ebo 



7 

5 

0 

0 

- 

- 0.1* 

- 0.02 

- 

- 1« 

“ 

- 1* 

mA 

M A 

Collectpr-to-Base 

Breakdown Voltage (l E = 0) 

V (BR)CBO 




-0.1 

-90 

- 

- 60* 

- 

- 90* 

- 

V 

Emitter-to-Base Breakdown Voltage 
(l E = — 0.1mA) 

V (BR)EBO 




0 

- 7 

- 

- 7 

- 

- 7 

- 

V 

Collector-to-Emitter 

Sustaining Voltage: 

(See Figs. 2 and 3) 

With base-emitter junction 
reverse biased 

With external base-to- 
emitter resistance 
<R be > < 200 S> 

With base open 

V CEV ( sus) 



1.5 

- 100 

— 85 a 


- 60 a 


— 85 a 


V 

V CER (sus) 




- 100 

- 85*' 

_ 

- 60 a 

_ 

- 85 a 

_ 

V 

V C eo< sus > 




- 100 

- 65° 

- 

- 40 a 


- 65 a 


V 

Collector-to-Emitter 

Voltage ( 1 B = — 15 mA) 

V CE (sa.) 




- 150 

- 

- 0.65 

- 

- 1.4 

- 

- 1.4 

V 

Base-to-Emitter Voltage 

V BE 


- 10 


- 150 

- 

- 1.1 

- 

- 1.5° 

- 

- 1.5° 

V 

Base-to-Emitter 

Voltage ( 1 B = —15 mA) 

V BE (sat) 




- 150 

- 

- 1 4 

- 

- 

- 

- 

V 

DC Forward-Current 

T ransfer Ratio 

h FE 


- 2 

- 10 

- 10 

- 10 

- 10 


- 150 

- 0 1 

- 10 

- 150 h 

- 500 h 

20 

20 

40 

20 

200 

140 

15 

50 

250 

15 

50 

250 


Common-Emitter, Small-Signal, 
Short-Circuit, Forward-Current 
Transfer Ratio (at f - 20MFU) 

h fe 


- 10 


- 50 

3.0 

- 

3.0 

- 

3.0 

- 


Magnitude of Common-Emitter, 
Small-Signal, Short-Circuit, 

Forward-Current Transfer Ratio 
(at f = 20 MHz) 

| h .e| 


- 10 


- 50 

3.0 


3.0 

10 

3.0 

10 


Collector-Base Capacitance 
(at f = 1 MHz, l E =0) 

C cb 

- 10 




- 

30 


30* 

- 

30° 

pF 

Input Capacitance 

C ,b 



0.5 

0 

- 

90 

- 

90 


90 

pF 

Sat. Switching Time: C 
(See Figs. 10 and 1 1) 

Rise time 

Storage time 

Fall time 

T urn-on time 

T urn-off time 

t 

t 

'» 

on 

'off 


- 30 

-30 

-30 

- 30 

- 30 


- 150 

- 150 

- 150 

- 150 

- 150 

: 

70 

600 

100 

110 

700 

: 

- 

- 

- 

ns 

Thermal Resistance: 

Junction-to-Case 

R dJC 





: 

25* 

25 (max.) 

2N4037 & 

40394 

- 

25 

°c/w 

Ju net ion- to -Ambient 

R 'UA 





- 

165 

165 (max.) 

2N4037 & 

40394 

- 

165 

°c/w 

°c/w 

50 (max.) 

40391 


a CAUTION: The sustaining voltages (sus), V„,.„(sus). and V^,_ w {sus) MUST NOT be measured on a curve tracer 

L t U Ctn wtV - 

These sustaining voltages should ?e measured by means of the test circuit shown in Fig 2 . 

b Pulsed; pulse duration 300 p s, duty factor < 2%. 

• In accordance with JEDEC registration data format <JS 6 RDF 1 2N4036; JS 9 RDF 2 2N4037. 2N4314) 

C l ci B1 ~ 1 B2 = 15 mA 
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2N4036, 2N4037, 2N4314, 40391, 40394 


File No. 216 



92CS-I74 4 3 


Fig. 1 — Maximum operating areas for types 2N4036, 2N4037, and 2N4314. 


TERMINAL CONNECTIONS 
FOR 40394 

Lead 1 — Emitter 
Lead 2 — Base 
Flange, Lead 3 — Collector 


TERMINAL CONNECTIONS 
FOR 2N4036, 2N4037, 2N4314 

Lead 1 — Emitter 
Lead 2 — Base 
Case, Lead 3 — Collector 


TERMINAL CONNECTIONS 
FOR 40391 

Lead 1 — Emitter 
Lead 2 — Base 

Heat-Radiator, Lead 3 - Collector 
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92LS — I255RI 

Fig. 2 — Circuit used to measure sustaining voltages VqEO (sus), 
Vcer( sus K ar, d Vcev( 5US ) f° r types. 


COLLECTOR CURRENT (I c ) = 100 mA (PULSED) 
AMBIENT TEMPERATURE (T A )=25°C 
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EXTERNAL BASE-TO-EMITTER RESISTANCE (R BE ) — Q 


92LS-I256R2 

Fig.4 — Sustaining voltage vs. base-to-emitter resistance for all types. 



92LS-I294R2 


Fig. 6 — Dissipation derating curve for all types. 


2N4036, 2N4037, 2N4314, 40391, 40394 


O 



92LS-I263 

NOTE: The sustaining voltages V CE0 (sus), V CER (sus), and 

V CEV^ SUS ^ are acce P tab,e when the traces fall to the left and 
below point "A" for type 2N4036 and 2N4314, and point "B" 
for type 2N4037. 

Fig.3 — Oscilloscope display for measurement of sustaining voltages 
(test circuit shown in Fig.2). 



Fig.5 — Typical small-signal beta characteristic for all types. 



Fig. 7 — Dissipation derating curve for types 2N4036, 2N4037, and 2N4314. 
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COLLECTOR CUTOFF CURRENT ( I CB0 ) 


2N4036, 2N4037. 2N4314, 40391, 40394 


File No. 216 



Fig. 8 — Typical collector-cutoff current vs. junction temperature 
for type 2N4036. 


+V BB ?=4V 



Fig. 9 — Circuit used to measure switching times for type 2N4036. 




92LS-I295 R2 


Fig. 10 - Oscilloscope display for measurement of switching times Fig. 1 1 - Typical transfer characteristics for types 2N4037 and 2N4314. 

test circuit shown in Fig.9). 



COLLECTOR-TO-EMITTER SATURATION VOLTAGE , V CE (sot ) -V 

92LS-I268RI_ 



Fig. 12 - Typical saturation-voltage characteristics for type 2N4036. 


Fig. 13 — Typical saturated switching times for type 2N4036. 
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. 2N4036, 2N4037, 2N4314, 40391, 40394 



COLLECTOR-TO-EMITTER VOLTAGE (V CE )-V 


COLLECTOR- TO- EMITTER VOLTAGE (V CE ) - V 


Fig. 18 — Typical output characteristics for types 2N4037 and 2N4314. Fig. 19 — Typical output characteristics for types 2N4037 and 2N4314 
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[MMl 

Solid State 
Division 


Power Transistors 

2N5034 2N5035 
2N5036 2N5037 
40514 40513 


Molded Silicone- Plastic 
Hometaxial-Base Transistors 

Silicon N-P-N Types for Industrial 
and Commercial Applications 

Features: 

■ Low thermal resistance: 0 j,q = 1.5°C/Wmax. 

■ Low saturation voltage 

■ High second breakdown ratings for both forward- and 
reverse-bias operation 

■ High peak collector current ratings 

■ Maximum-area-of-operation curves for DC and pulse 
operation 

RCA-2N5034, 2N5035, 2N5036, 2N5037*, 40513, and 
40514 are hometaxial**-base silicon n-p-n power transistors 
employing two versions of a unique plastic package. This new 
plastic package is available with two different lead con- 
figurations: a "vertical-lead" version which will fit a TO-3 
socket; a "horizontal-lead" type for mounting on a printed- 
circuit board. 

Types 2N5034, 2N5036, and 40514 are the "TO-3" versions. 

The 2N5034, 2N5036, and 40514 differ in breakdown- 
voltage, collector-current ratings, and leakage-current limits. 

These devices may be plugged into a TO-3 socket and secured 
by means of an over-clamp whose mounting holes are 
identical to those in a TO-3 socket. 


Types 2N5035, 2N5037, and 40513 are electrically identical 
to the 2N5034, 2N5036, and 40514, respectively, but 
employ the horizontal-lead package. 

These plastic transistors are intended for a wide variety of 
high-power switching and amplifier applications such as series 
and shunt regulator driver and output stages and for 
high-fidelity amplifi ers. 

•Formerly Dev. Type Nos. TA7201 , TA7202, TA7199, and TA7200 
respectively. 

••"Hometaxial" was coined by RCA from "homogeneous" and 
"axial" to describe a single-diffused transistor with a base region of 
homogeneous-resistivity silicon in the axial direction (emitter- 
to-col lector). 



MAXIMUM RATINGS, Absolute-Maximum Values: 

* COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With —1.5 volts (V0[=) of reverse bias 

* With external base-to-emitter resistance (Rbe) = 100 ^ 

With base open 

* EMITTER-TO-BASE VOLTAGE 

* CONTINUOUS COLLECTOR CURRENT 

* PEAK COLLECTOR CURRENT 

* CONTINUOUS BASE CURRENT. 

* TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At temperatures above 25°C 

* TEMPERATURE RANGE: 

Storage & Operating (Junction) 

* LEAD TEMPERATURE (During Soldering) 

2N5034, 2N5036, & 40514: At distance 2 1/16 in. (1.58mm) from seating plane 

for 10s max. . . . 

2N5035, 2N5037, & 40513: At distances & 1/8 in. (3.18mm) from case for 
. 10s max 



40514 

40513 

2N5034 

2N5035 

2N5036 

2N5037 


v CBO 

- 

55 

70 

V 

V CEV( SUS > 

_ 

55 

70 

V 

v cer( sus > 

45 

45 

60 

V 

v CEO< sus ^ 

- 

40 

50 

V 

Vebo 

5 

5 

5 

V 

•c 

6 

6 

8 

A 


12 

12 

12 

A 

<B 

6 

6 

6 

A 

Pt 

83 

83 

83 

W 



See Fig. 1 





-65 to 150 


°C 



235 


°C 



235 


°c 


* Typos 2N5034-2N5037, inclusive, in accordance with JEDEC registration data format JS-6 RDF-2. 
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2N5034 2N5035 

File No. 244 2N5036 2N5037 

40514 40513 


ELECTRICAL CHARACTERISTICS Case Temperature (T c ) = 25°C Un/ess Otherwise Specified 


Characteristic 

Symbol 

TEST CONDITIONS 

LIMITS 

Units 

DC 

Collector 
Voltage (V) 

DC 

Emitter 
or Base 
Voltage (V) 

DC 

Current (A) 

Types 

40514 

40513 

Types 

2N5034 

2N5035 

Types 

2N5036 

2N5037 

VCE 

Veb 

Vbe 

ic 

IB 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Collector-Cutoff Current 

With external base-to-emitter 
resistance (Rbe) = 100 ^ 

'CER 

20 

35 

50 





- 

2.5 

- 

1.0 

- 

1.0 

mA 

ICER 

(T C = 150°C) 

20 

35 

50 





- 

5.0 


5.0 

- 

5.0 

With base-emitter 
junction reverse biased 

ICEV 

50 

65 


-1.5 

-1.5 



- 

_ 

- 

1.0 

- 

1.0 

mA 

ICEV 

(T C = 150°C) 

50 

65 


-1.5 

-1.5 



- 

- 

_ 

5.0 

- 

5.0 

With base open 

'CEO 

30 

40 




0 

0 

_ 

_ 

- 

2 

- 

2 

mA 

Emitter-Cutoff Current 

'EBO 


5 


0 


- 

5.0 

- 

5.0 

- 

5.0 

mA 

DC Forward-Current 

Transfer Ratio 

hFE 

4 

4 

4 

4 

4 



3 a 

4 a 

5 a 

6 a 

8 a 


25 

100 

20 

5 

80 

20 

5 

80 


Collector-to-Emitter 

Sustaining Voltage 

With base open 

VcEO(sus) 




0.2 a 

0 



40 


50 


V 

With bast-emitter 
junction reverse biased 

VcEV(sus) 



-1.5 

0.1 a 


- 

- 

55 

- 

70 

- 

V 

With external base-to-emitter 
resistance (R BE ) = 100 £2 

VcER(sus) 




0.2 a 


45 

- 

45 

- 

60 

- 

V 

Base-to-Emitter Voltage 

Vbe 

4 

4 

4 



3 a 

4 a 

5 a 


- 

1.7 

- 

1.7 

- 

1.7 

V 

Collector-to-Emitter 

Saturation Voltage 

VcE^ sat ^ 




3 a 

4 a 

5 a 

0.3 

0.4 

0.5 

- 

1.0 

_ 

1.0 

- 

1.0 

V 

Common-Emitter, Small-Signal, 
Short-Circuit Forward-Current 
Transfer Ratio (f = 1 kHz) 

h fe 

4 



0.5 


15 

- 

15 

- 

15 

- 


Magnitude of Common-Emitter, 
Small-Signal, Short-Circuit, 
Forward-Current 

Transfer Ratio (f = 100kHz) 

kl 

4 



0.5 


8 

28 

8 

28 

8 

28 


Thermal Resistance 
(Junction-to-Case) 

0 J-C 






- 

1.5 

- 

1.5 

- 

1.5 

°C/W 


a Pulsed; pulse duration = 300 ps, duty factor = 1.8%. 

*Types 2N5034-2N5037, inclusive, in accordance with JEOEC registration data format JS-6 RDF-2. 
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FORWARD-CURRENT TRANSFER RATIO (h FE 


2N5034 2N5035 
2N5036 2N5037 
40514 40513 


File No. 244 



COLLECTOR CURRENT (I c )— A 


COLLECTOR CURRENT (I c ) — A 


Fig.5— Typical dc beta characteristics for types 2N5034, Fig.6— Typical dc beta characteristics for types 2N5036 & 

2N5035, 40513, & 40514. 2N5037. 


0 
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0 0.5 I 1.5 2 

BASE -TO -EMITTER VOLTAGE (V BE )-V 

92CS-I5989 


Fig. 7— Typical input characteristics for types 2 N 5034, 
2N5035, 40513 , & 40514. 



92CS-I5988 


Fig.9— Typical input characteristics for types 2N5036 & 
2N5037. 



0 0.5 I 1.5 2 


BASE-TO-EMITTER VOLTAGE (V BE )-V 

92CS-I5987 

Fig. 11— Typical transfer characteristics for all types. 


2N5034 2N5035 
2N5036 2N5037 
40514 40513 



92CS-I 5992 


Fig. 8— Typical output characteristics for types 2N5034, 
2N5035, 40513, & 40514. 



10 20 30 40 50 60 70 

COLLECTOR -TO- EMITTER VOLTAGE (V CE )-V 


92CS-I5993 

Fig. 10— Typical output characteristics for types 2 N 5036 & 
2N5037. 



COLLECTOR CURRENT (Iq) — A 


Fig. 12— Typical gain-bandwidth product for all types. 
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2N5034 2N5035 

2N5036 2N5037 — File No. 244 

40514 40513 



Fig. 13— Maximum operating areas for types 2N5034, 2N5035, 40513, & 40514. 
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COLLECTOR CURRENT (Iq) — 
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2N5034 2N5035 
2N5036 2N5037 
40514 40513 



COLLECTOR - TO - EMITTER VOLTAGE (V C e)“ V 

92SS-3593 

Fig. 14-Maximum operating areas for types 2N5036 & 2N5037. 


TERMINAL CONNECTIONS FOR ALL TYPES 

Lead No. 1 — Base 
Lead No. 2 — Emitter 
Mounting Flange — Collector 
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Solid State 
Division 


Power Transistors 

2N5038 

2N5039 

2N6496 



High-Current, High- Power, 
High-Speed Silicon N-P-N 
Power Transistors 

Devices for Switching and Amplifier 

Circuits in Industrial and Commercial Applications 

Features: 

■ Maximum operating area curves for dc and pulse operation 

■ Ig/jj-limit line beginning at 28 V 

■ High collector current ratings 

■ High-dissipation capability 


RCA-2N5038, 2N5039, and 2N6496 are epitaxial silicon 
n-p-n power transistors. They differ in breakdown-voltage 
ratings, leakage-current, and dc-beta values. 

The high current-handling capability of these transistors in 
conjunction with fast switching speeds make these devices 
especially suited for switching-control amplifiers, power gates, 
switching regulators, converters, and inverters. Other recom- 
mended applications include dc-rf amplifiers and power oscil- 


■ Switching Time: 

t r = 0.5 jus max. \ 
t s = 1.5 jus max. > 
tf = 0.5 jus max. ; 


lators. These transistors are 
package. 


Measured at: 

12 A (2N5038) 
10 A (2N5039) 
8 A (2N6496) 


supplied in the JEDEC TO-3 


MAXIMUM RATINGS, Absolute-Maximum Values: 

♦COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With — 1.5 volts (V BE ) of reverse bias and 

external base-to-emitter resistance (Rg E ) = 100 f2 

With R be < 50 £2 

With base open 

♦EMITTER-TO-BASE VOLTAGE 

CONTINUOUS COLLECTOR CURRENT 

♦PEAK COLLECTOR CURRENT 

CONTINUOUS BASE CURRENT 

♦TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C and Vq E up to 28 V 

At case temperature of 100°C and V^g of 20 V 

At case temperatures up to 25° C and Vq E above 28 V 

At case temperatures above 25°C and Vq E above 28 V 

♦TEMPERATURE RANGE: 

Storage & Operating (Junction) 

PIN TEMPERATURE (During Soldering) 

At distances > 1/32 in. (0.8 mm) from seating plane for 10 s max. . . . 


♦in accordance with JEDEC registration data format (JS-6, RDF-1) 



2N5038 

2N5039 

2N6496 


v CBO 

150 

120 

150 

V 


V CEX< SUS ) 

150 

120 

- 

V 

Vcer(sus) 

110 

95 

130 

V 

v CEO (sus ) 

90 

75 

110 

V 

v EBO 

7 

7 

7 

V 

>c 

20 

20 

15 

A 


30 

30 

- 

A 

'b 

5 

5 

5 

A 

\- 

o_ 

140 

140 

140 

W 


80 

80 

— Qbo Fin 1 - 

80 

W 


See Figs. 1 & 2. m- 


-65 to 200 ► °C 

- 230 °C 


174 


8-74 






File No. 698 


2N5038, 2N5039, 2N6496 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) - 25°C Unless Otherwise Specified 





TEST CONDITIONS 

LIMITS 





VOLTAGE 

CURRENT 




1 


1 



CHARACTERISTIC 

SYMBOL 

Vdc 

A dc 

2N5038 

2N5039 

2N6496 

UNITS 




V CE 

< 

CD 

m 

'c 

'B 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 



Collector Cutoff Current: 

>CEO 

55 



0 

_ 

- 

_ 

20 

_ 




With base open 

70 



0 

- 

20 

- 

- 

- 

_ 


♦ 

With base-emitter 


110 

-1.5 



_ 

- 

- 

50 

_ 




junction reverse-biased 

'CEV 

140 

-1.5 



- 

50 

- 

- 

_ 

_ 




130 

0 



- 

- 

- 

- 

- 

20 

mA 

♦ 

At T c = 150°C 


85 

-1.5 




- 

- 

10 

_ 

_ 




100 

-1.5 




10 

- 

- 

- 

_ 





130 

0 



- 

- 

- 

- 

- 

25 


* 

Emitter Cutoff Current 

'ebo 


-5 

0 


- 

5 

- 

15 

- 

_ 

mA 




-7 

n 



50 

- 

50 

- 

50 


DC Forward-Current 

h F E 

5 


2 a 


50 

250 

30 

250 

- 



* 

Transfer Ratio 


5 


TO 3 


- 

- 

20 

100 

- 

_ 


* 



5 


12 a 


20 

100 

- 

- 

- 

_ 


* 



2 


8 a 


- 

- 

- 

- 

12 

100 


* 

Magnitude of Small-Signal 














Forward-Current Transfer 

Ratio: f = 5 MHz 

l h fe| 

10 


2 


12 

- 

12 


. 12 

~ 



Collector-to-Emitter 














Sustaining Voltage: 

With base open 

v CEO< sus > 



0.2 

0 

90 b 

- 

75 b 

- 

100 b 

_ 

V 


With base-emitter 
junction reverse biased and 
external base-to-emitter 
resistance (R BE ) = 100J2 

V C ex< sus ) 


-1.5 

0.2 

0 

150 b 

- 

I20 b 

- 





With R be < 50 £2 

Vcer(sus) 



0.2 

0 

110 b 

- 

95 b 

- 

I30 b 

- 



Emitter-to-Base Voltage: 














l E = 0.05 A 

v EBO 



0 


7 

- 

7 

- 

7 

- 

V 


Base-to-Emitter 


5 


10 a 


_ 

_ 

_ 

1.8 

_ 

- 




V BE 

5 


12 a 


- 

1.8 

- 

- 

- 

- 

V 



2 


8 a 


- 

- 

- 

- 

- 

1.6 



Collector-to-Emitter 




10 a 

1.0 

_ 

. _ 

_ 

1.0 

_ 




Saturation Voltage 

V CE (sat) 



12 a 

20 a 

1.2 

5 

- 

1.0 

2.5 

- 

2.5 

- 

- 

V 






8 a 

0.8 

- 

- 

- 

- 

- 

IX) 


* 

Base-to-Emitter 

V BE (satj 



20 a 

5 

_ 

3.3 

_ 

3.3 

_ 

_ 



Saturation Voltage 



8 a 

0.8 

- 

- 

- 

- 

- 

2.0 

V 


Output Capacitance: 












PF 


v CB = iov 

^ob 





- 

400 

- 

400 


400 


Forward-Bias Second- 














Breakdown Collector 
Current: 

! S/b 

28 




5.0 


5.0 


5.0 


A 


t = Is, nonrepetitive 


45 




0.9 

- 

0.9 

- 

0.9 

- 



Second-Breakdown Energy: 














With base reverse biased, 

E S/b 


-4 

12 


13 

- 

13 

- 

- 

- 

mJ 


R b = 20 n, L=180/iH 


-4 

8 


- 

- 

- 

- 

5.7 

- 


=1 

Saturated Switching Time 














(V CC - 30 V, 

' B i = 'b 2 > : 

t r 



10 

1.0 

_ 

_ 

_ 

0.5 

_ 




Rise Time 




12 

1.2 

! 

0.5 

_ 

_ 

_ 

_ 



(See Fiqs.24, 26, and 27) 



... 

8 

0.8 

- 

- 

- 

- 

- 

0.5 



Storage Time 




10 

1.0 

_ 


_ 

1.5 

_ 

_ 



(See Figs.25, 26, and 27) 

<s 



12 

1.2 

- 

1.5 

- 

- 

_ 

_ 

PS 






8- 

0.8 


- 

- 

- 

- 

1.5 


* 

Fall Time 




10 

1.0 

_ 

_ 

_ 

0.5 

_ 

_ 



(See Figs. 24, 26, and 27) 

tf 



12 

1.2 

- 

0.5 

- 

- 

- 

_ 







8 

0.8 

- 

- 

- 

- 

- 

0.5 



Thermal Resistance: 














Junction-to-Case 

R 0JC 

10 


10 


- 

1.25 

- 

1.25 

- 

1.25 

°C/W 


* In accordance with JEDEC registration data format (JS-6, RDF-1 ). b CAUTION: The sustaining voltages V CE0 (sus), V CER (sus), and V CEX (sus) MUST NOT 
a Pulsed; pulse duration < 350 »s, duty factor = 2%. be measured on a curve tracer - These sustaining voltages should be measured by means of 

the test circuit shown in Fig. 22. 
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Fig. 2 — Dissipation derating curves for all types. 


Fig. 3 — Thermal-cycling rating chart for all types. 


TERMINAL CONNECTIONS 

Pin 1 — Base 
Pin 2 — Emitter 
Case — Collector 
Mounting Flange — Collector 
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92CS-226I2 

Fig. 4 — Maximum operating areas for all types. 



Fig. 6 — Maximum reverse-bias, second-breakdown characteristics 
for 2N5038 and 2N5039. 


2N5038, 2N5039, 2N6496 



Fig. 5 — Typical gain-bandwidth product for all types. 



Fig. 7 — Maximum reverse-bias, second-breakdown characteristics 
for 2N5038 and 2N5039. 



INDUCTANCE (L>— uH 

92CS- 22 803 

Fig. 8 — Maximum reverse-bias, second-breakdown characteristics 
for 2N6496. 



0 20 40 60 80 100 120 


BASE SERIES RESISTANCE (R r )— ft 

° 92CS-22799 

Fig. 9 — Maximum reverse-bias, second-breakdown characteristics 
for 2N6496. 
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92LS-M60 


Fig. 16 — Typical output characteristics for 2N5038. 



COLLECTOR-TO-EMITTER VOLTAGE (V CE )-V 

92LS-I464 

Fig. 18 — Typical output characteristics for 2N5039. 



92CS -22902 



92CS-22804 


Fig. 17 — Collector-to-emitter sustaining voltage characteristic 
for all types. 



92LS-I465R2 

Fig. 19 — Typical input characteristics for 2N5038 and 2 N 5039. 



92CS-2280I 


Fig. 20 — Typical output characteristics for 2N6496. 


Fig. 21 — Typical input characteristics for 2N6496. 
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MERCURY-RELAY 



L = 15mH for Vq^q(sus) and 
Vc£r(su s ) measurements 
L = 2mH for Vq£x( sus ) measurements 

Fig. 22 — Circuit used to measure sustaining voltages Vq^q(sus), 
V C er( sus )' anci Vqex(sus). 



The sustaining voltages (Vq^qIsus), Vq£r(sus), and 
Vcex^ sus ^ are a cce P ta t>le when the traces fall to the 
right of point "A” for type 2N5039, point "B” for 
type 2N5038 and point “C" for type 2N6496. 

(NOTE: 2N6496 is not tested for Vq EX (sus).) 

Fig. 23 — Oscilloscope display for measurement of sustaining voltages 
(Test circuit shown in Fig. 22). 



Fig. 24 — Typical rise-time and fall-time characteristics for all types. 




92CS-22377R! 

Fig. 26 — Circuit used to measure switching times for all types. 



Fig. 27 — Phase relationship between input and output currents 
showing reference points for specification of switching 
times. (Test circuit shown in Fig. 26). 
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Solid State 
Division 


RF Power Transistors 

2N5109 



Silicon N-P-N Overlay Transistor 

High Gain for Line Amplifiers in 
CATV and MATV Equipment 


Features: 

a High gain-bandwidth product 
□ Large dynamic range 
a Low distortion 
a Low noise 


RCA-2N5109* is an epitaxial silicon n-p-n planar transistor 
employing "overlay" emitter electrode construction. It is 
especially designed to provide large dynamic range, low dis- 
tortion, and low noise as a wideband amplifier into the 
vhf range. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


* COLLECTOR-TO-BASE VOLTAGE 

. V CBO 

40 

V 

COLLECTOR-TO-EMITTER VOLTAGE: 

* With base open 

V CEO 

20 

V 

With external base-to-emitter resistance 

( R BE) = ion 

. V CER 

40 

V 

* EMITTER-TO-BASE VOLTAGE 

V EBO 

3 

V 

* CONTINUOUS COLLECTOR CURRENT- - - 

'c 

0.4 

A 

* CONTINUOUS BASE CURRENT 

* TRANSISTOR DISSIPATION: 

'b 

P T 

0.4 

A 

At case temperature up to 75°C 

At case temperature above 75°C 


2.5 

See Fig. 10 

W 

* TEMPERATURE RANGE: 

Storage and operating (Junction) 

-65 to +200 

°C 

* LEAD TEMPERATURE (During Soldering): 

At distances T> 1/32 in. (0.8 mm) from 

the seating plane for 10 s max 


230 

°C 


* In accordance with JEDEC registration data 


A high gain-bandwidth product over a wide range of collec- 
tor current makes the 2N5109 ideally suited for such ap- 
plications as CATV and MATV line amplifiers and low- 
noise linear amplifiers. 

"Formerly RCA Dev. No. TA2800. 
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COLLECTOR CURRENT ( L C )- mA 92LS-2I60R2 

Fig. 1 -Gain-bandwidth vs. collector current for type 2N5109. 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS ] 

LIMITS 

UNITS 

COLLEC 

VOL 

DC 

TOR OR BASE 

TAGE - V 

DC 

CURRENT 

(mA) 

V CB 

V B E 

V CE 

'E 

'c 

MIN. MAX. 

Collector- Cutoff Current: 

With base open 

'CEO 



15 



- 

20 

mA 

With base-emitter junction reverse- 
biased 

'CEV 


-1.5 

35 




5 

mA 

T C = 1 50°C 



-1.5 

15 



- 

5 

Emitter-Cutoff Current 

'EBO 


-3 




- 

0.1 

mA 

Collector-to-Base Breakdown Voltage 

v (BR)CBO 




D 

m 

Ell 

- 

V 

Collector-to-Emitter 

Sustaining Voltage: 

With external base-to-emitter 
resistance (Rbe' = 10 


■ 

■ 

■ 

i 


40 

■ 

■ 

With base open 

v CEO< sus > 






STB 

- 

■ 

Emitter-to-Base Breakdown Voltage 

v (BR)EBO 




ESI 

0 

3 

- 

V 

Collector-to-Emitter 

Saturation Voltage (lg = 10 mA) 







■ 

Q 1 

V 

Collector-to-Base Capacitance 
(f = 1 MHz) 

^cb 

15 



0 




pF 


h FE 



15 

5 



H 

120 


Small-Signal Common-Emitter 

Forward Current Transfer Ratio 
(f = 200 MHz) 

hfe 

■ 

■ 

15 

15 

15 

i 

25 

50 

100 

4.8 

6 

4.8 

— 


Magnitude of Common-Emitter 

Small-Signal Forward 

Current Transfer Ratio 
(f = 200 MHz) 

1 ^ i 

■ 

■ 


i 

50 

6 

■ 

■ 

Available Amplifier Signal 

Input Power (See Fig. 9) 

( P out = 1 .26 mW, Source 

Impedance = 50 n, f = 200MHz) 

Pi 



1 

i 

50 

- 

■ 

mW 

Voltage Gain, Wideband, 50 to 216 

MHz (See Fig. 8.) 

Gve 



15 


50 

11 


dB 

Cross Modulation @ 54 dBmV* 3 

Output (See Fig. 14.) 

CM 



H 

■ 


E 


dB 

Power Gain, Narrowband 
(f = 200 MHz, 

P|N = -10 dBm) 

Gpe 

■ 

■ 

I 

■ 


n 


dB 

Noise Figure (f = 200 MHz) 

(See Fig. 9.) 

NF 



15 


10 

3 ( 

typ-) 

dB 

Thermal Resistance 
(Junction-to-Case) 

R 0JC 






- 

| 50 

°C/W 


a Pulsed through a 25 mH inductor; duty factor = 50% b 0 dBmV = 1 millivolt 

* In accordance with JEDEC registration data 












































MAGNITUDE-FORWARD TRANSFER COEFFICIENT (S 2 i e ) 
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MAGNITUDE-REVERSE TRANSFER COEFFICIENT (S ]2e ) 
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C 6 ,C 7 : 1500 pF 
Os: 18 pF 
R : 4.7 kfl, % W 
R 2 : 6.8 to, 'A W 


Ti : 4 turns No. 30 wire 
bifilar wound on 
"Indiana General" 
core No. CF-102-Q1, 
or equivalent. 



C 4 : 1 .0—20 pF disc ceramic 
Cg: 10,000 pF disc ceramic 
Cg, C 7 : 1,000 pFi disc ceramic 
Cg: 0.01 juF disc ceramic 

: 4-1 /2 turns, No. 22 wire, 3/1 6 in. (4.76 mm) I .D. 
L^: 3-1/2 turns. No. 22 wire, 3/16 in. (4.76 mm) I.D. 
L 2 , L 3 : 0.82 mH RFC 

R 1 : 240 n, 2 W, carbon 


Fig.8-RF amplifier for voltage-gain testing of type 2N5109. 



Fig. 10— Dissipation derating curve for 
type 2N5109. 


Fig.9-200-MHz amplifier for power-gain and noise-figure test- 
ing of type 2N5109. 
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C0LLECT0R-T0-EMITTER VOLTAGE (V CE )— V 92CS-22853 


Fig. 1 1 -Maximum operating area for type 2N5109. 



Fig. 12-Sustaining voltage i/s. base-to-emitter resistance for 
type 2N5109. 



Fig. 13— Power gain and noise figure vs. collector current for 
type 2N5109. 
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a Provides 20 db isolation between generators 
b 50— 220 MHz with detector output 92 ls-j?25rz 

c Hewlett-Packard HP 608 D or equivalent 
** Ballantine 861 or equivalent 

Fig. 14— Test set-up for measuring cross modulation in type 
2N5109. 


CROSS-MODULATION TEST PROCEDURE: 


1. Set up equipment as shown in Fig. 14. 

2. Set generator 1 to 150 MHz modulated 30% by 1,000 
Hertz, and tune field strength meter to 150 MHz. 

3. Adjust output level of generator 1 to give rated output 
from the amplifier under test. 

4. Adjust potentiometer and AC voltmeter for a convenient 
level. This level then corresponds to 100% cross modula- 
tion. 

5. Remove modulation. Readjust output level of generator 1 
if necessary, to obtain the AC voltmeter "100% level". Do 
not readjust generator 1 during the following steps. 

6. Set generator 2 to 210 MHz modulated 30% by 1,000 
Hertz and tune field strength meter to 210 MHz. 

7. Adjust output level of generator 2 to give rated output of 
the amplifier; i.e., the AC voltmeter indicates the " 100% 
level". 

8. Tune field strength meter to 150 MHz CW and read the 
AC voltmeter (a change of the AC voltmeter scale may be 
necessary). 

9. Calculate percentage of cross modulation by comparing 
the reading of step 8 to the "100% level". 


TERMINAL CONNECTIONS 

Lead No.1 — Emitter 
Lead No.2 — Base 
Lead No.3 — Collector 
Case — Collector 
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DUGBZ/L] RF ** ower Transistors 

Solid State 
Division 

2N5179 


RCA-2N5179* is a double-diffused epitaxial 
planar transistor of the silicon n-p-n type. It is 
extremely useful in low-noise tuned-amplifier and 
converter applications at UHF frequencies, and as 
an oscillator up to 500 MHz. 

The 2N5179 utilizes a hermetically sealed four- 
lead JEDEC TO-72 package. All active elements of 
the transistor are insulated from the case, which 
may be grounded by means of the fourth lead in 
applications requiring minimum feedback capaci- 
tance, shielding of the device, or both. 


* Formerly Dev. No. TA7319. 

Maximum Ratings, Absolute-Maximum Values: 


COLLECTOR-TO-BASE 


VOLTAGE, Vcbo 

20 max. 

V 

COLLECTOR-TO-EMITTER 

VOLTAGE, Vceo 

12 max. 

V 

EMITTER-TO-BASE 

VOLTAGE, Vebo 

2.5 max. 

V 

COLLECTOR CURRENT, Ic 

50 max. 

mA 

TRANSISTOR DISSIPATION, Pt: 
For operation with heat sink: 

At case ) U P to 25°C . . . 

temperatures** \ above 25°C . . . 

300 max. mW 

Derate at 1.71mW/°C 

For operation at ambient 
temperatures : 

At ambient ( up to 25° C 

temperatures \ above 25 °C ... 

200 max. mW 

Derate at 1.14mW/°C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) . 

-65 to +200 

°C 

LEAD TEMPERATURE 
(During Soldering) : 

At distances ^ 1/32" from seating 
surface for 10 seconds max 

265 max. 

°C 

** Measured at center of seating surface. 



SILICON N-P-N 

EPITAXIAL PLANAR 
TRANSISTOR 

For UHF Applications in Military, JEDEC TO ” 
Communications, and Industrial Equipment 

• high gain-bandwidth product — 1000MHz min. 

• hermetically sealed TO-72 four-lead metal package 

• low leakage current 

• high power gain as neutralized amplifier — 

G„e = 15dB min. at 200MHz 

• high power output as UHF oscillator — 

20mW typ. at 500MHz 

• low noise figure — 

NF = 4.5dB max. at 200MHz 

• low collector-to-base time constant — 

r b 'C c = 14ps max. 

• high reliability — 

production lots of RCA-2N5179 are subjected to and 
meet the minimum mechanical, environmental, and 
life-test requirements of the basic MILITARY speci- 
fication MIL-S-19500. See page 5 for a descrip- 
tion of the Group A and Group B Tests. 



Fig. 1 — Small-Signal Beta Characteristic for Type 2N5179 
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ELECTRICAL CHARACTERISTICS, At Ambient Temperature ( Ta ) = 25°C Unless Otherwise Specified 


Characteristics 

Symbols 

TEST CONDITIONS 

LIMITS 

Units 

Frequency 

f 

DC 

Collector- 

to-Base 

Voltage 

Vcb 

DC 

Collector- 

to-Emitter 

Voltage 

Vce 

DC 

Emitter 

Current 

Ie 

DC 

Collector 

Current 

lc 

DC 

Base 

Current 

Ib 

Type 

2N5179 

MHz 

V 

V 

mA 

mA 

mA 

Min. 

Typ. 

Max. 

Collector-Cutoff Current 

Icno 


15 


0 




. 

0.02 

mA 

AtT A = 150°C 

15 


0 





1 

Collector-to-Base 

Breakdown Voltage 

V(br)cbo 




0 

0.001 


20 



V 

Collector-to-Emitter 
Sustaining Voltage 

^ CEO^ SUS ^ 





3 

0 

12 



V 

Emitter-to-Base 

Breakdown Voltage 

V(br)ebo 




-0.01 

0 


2.5 



V 

Collector-to-Emitter 
Saturation Voltage 

VcE(sat) 





10 

1 



0.4 

V 

Base-to-Emitter 

Saturation Voltage 

VBE(sat) 





10 

1 


- 

1 

V 

Static Forward Current- 
Transfer Ratio 

Hfe 



1 


3 


25 

70 

250 


Magnitude of Small-Signal 
Forward Current-Transfer 
Ratios 

U 

100 

1 kHz 


6 

6 


5 

2 


9 

25 

14 

90 

20 

300 


Collector-to-Base 

Feedback Capacitance^ 

P 

°cb 

0.1 to 1 

10 


0 




0.7 

1 

PF 

Common-Base Input 
Capacitance^ (Veb= o.5V) 

C ib 

0.1 to 1 




0 




2 

PF 

Collector-to-Base 

Time Constant 3 

r b'C c 

31.9 

6 



2 


3 

7 

14 

ps 

Small-Signal Power Gain 
in Neutralized Common- 
Emitter Amplifier Circuit 3 
(See Fig. 2) 

G P e 

200 


12 


5 


15 

21 


dB 

Power Output in Common- 
Emitter Oscilator Cir- 
cuits (See Fig. 3) 

Po 

>500 

10 


-12 



20 



mW 

Noise Figure 3 

NF 

200 


6 


1.5 



3 

4.5 

dB 


a Lead No.4(case) grounded; Rg = 12512 c Lead No. 4 (case) floating. 

b Three-terminal measurement of the collector-to-base capacitance 
with the case and emitter leads connected to the guard terminal. 
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2N5179 


OC COMMON 



NOTE: (Neutralization Procedure): (a) Connect a 50-S2 rf voltmeter to 
the output of a 200-MHz signal generator (R g = 50n), and adjust the 
generator output to 5mV. (b) Connect the generator to the input and 
the rf voltmeter to the output of the amplifier, as shown above, 
(c) Apply V EE and V C c, and adjust the generator output to provide 
an amplifier output of 5mV. (d) Tune C 2) C 6 , and C 7 for maximum 
amplifier output, readjusting the generator output, as required, to 
maintain an output of 5mV from the amplifier, (e) Interchange the 
connections to the signal generator and the rf voltmeter, (f) With 
sufficient signal applied to the output terminals of the amplifier, 
adjust Cn for a minimum indication at the amplifier input, (g) Repeat 
steps (a), (b), (c), and (d) to determine if retuning is necessary. 

Q = Type 2N5179 


Fig. 2 - Neutralized Amplifier Circuit Used to Measure 
Power Gain and Noise Figure at 200MHz for Type 2N51 79 


NOTE 2 



92CS-I2849R2 


Note 1 — Coaxial-Line output network consisting of: 

2 General Radio Type 874 TEE or equivalent 
1 General Radio Type 874-D20 Adjustable Stub or equivalent 
1 General Radio Type 874-LA Adjustable Line or equivalent 
1 General Radio Type 874-WN3 Short-circuit termination or equivalent 
Note 2 — RFC = 0.2/xH Ohmite #2-460 or equivalent 
Note 3 — Lead Number 4 (case) floating 
Li — 2 turns #16AWG wire, % inch OD, IVa inch long 
Q = 2N5179 


Fig. 3 — Circuit Used to Measure 500MHz Oscillator 
Power Output for Type 2N5179 


TWO-PORT ADMITTANCE (y) PARAMETERS AS FUNCTIONS OF 
COLLECTOR CURRENT ( l C ) FOR RCA TYPE 2N5179 
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COMMON-EMITTER CIRCUIT, BASE INPUT; 

OUTPUT SHORT-CIRCUITED. 

FREQUENCY (f)=200 MHz 

AMBIENT TEMPERATURE (Ta) = 25°C 
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TWO-PORT ADMITTANCE ly) PARAMETERS AS FUNCTIONS OF 
COLLECTOR CURRENT (\q) FOR RCA TYPE 2N5179 




Fig. 6 -Forward Transadmittance ( y fe ) Fig. 7 - Reverse Transadmittance ( y re ) 


TWO-PORT ADMITTANCE (y) PARAMETERS AS FUNCTIONS OF 
FREQUENCY (f) FOR RCA TYPE 2N5179 


COMMON-EMITTER CIRCUIT, BASE INPUT; 

OUTPUT SHORT-CIRCUITED. 
COLLECTOR-TO-EMITTER VOLTS (V CE ) =4 
COLLECTOR MILLIAMPERES (Ir) = 1.5 
AMBIENT TEMPERATURE (T a ) = 25 °C 
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GROUP A AND GROUP B QUALITY SAMPLING TESTS 



ITEM TEST DESCRIPTION LTPD 

GROUP A TESTS 

Subgroup 1. Visual and Mechanical Examination 5% 

Subgroup 2. Electrical 10% 

GROUP B TESTS 

Subgroup 1. Physical Dimensions 20% 

Subgroup 2. Solderability, Temperature Cycling, 

Thermal Shock, Moisture Resistance 20% 

Subgroup 3. Shock, Vibration Fatigue, Vibration 

Variable Frequency, Constant Acceleration 20% 

Subgroup 4. Terminal Strength 20% 

Subgroup 5. Salt Atmosphere 20% 

Subgroup 6. High-Temperature Life, Non-Operating 

(T A = 200°C) A = 10% 

Subgroup 7. Steady-State-Operation Life 

(P D = 300m W, T A = 25°C) A = 10% 


TERMINAL CONNECTIONS 

LEAD 1 - EMITTER 

LEAD 2 - BASE 

LEAD 3 - COLLECTOR 

LEAD 4 - CONNECTED TO CASE 
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Solid State 
Division 


Power Transistors 
2N5189 



High-Voltage Silicon N-P-N 
Switching Transistor 

For Core-Driver and Line-Driver Service in 
Data-Processing Equipment and Other Critical 
Industrial and Military Applications 


Features: 

■ Excellent power handling capability 

■ High switching speeds at high currents 

■ High breakdown-voltage capabilities 

■ High reliability 


TERMINAL CONNECTIONS 

LEAD 1 - EMITTER 

LEAD 2 - BASE 

LEAD 3 - COLLECTOR, CASE 


RCA-2N5189* is a double-diffused epitaxial planar transistor 
of the silicon n-p-n type featuring high breakdown voltages, 
low saturation voltages, and high switching speeds over a wide 
range of collector current. 

It is especially useful in switching applications of high-perform- 
ance computers and in other critical industrial applications 
where high-voltage and high-current-handling capabilities and 


short "turn-off" and "turn-on" times are important design fea- 
tures. These features also make the 2N5189 particularly useful 
in class C circuits for mobile and portable equipment. 

The 2N5189 is hermetically sealed in a metal package like the 
JEDEC TO-39 but with a reduced height (0.180 in. max., 
0.1 60 in. min.) and 0.5 in. min. leads. 

•Formerly RCA Dev. No. TA7322. 


MAXIMUM RATINGS, Absolute Maximum Values: 

♦COLLECTOR-TO-BASE VOLTAGE 

■ • • v CBO 

60 

V 

COLLECTOR-TO-EMITTER VOLTAGE: 

* With base shorted to emitter 

■ ■ • V CES 

55 

V 

With base open 

• • v CEO 

35 

V 

♦EMITTER-TO-BASE VOLTAGE 

V EBO 

5 

V 

♦CONTINUOUS COLLECTOR CURRENT 

l c 

2 

A 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

p T 

5 

W 

At case temperatures above 25°C, derate linearly 


28.5 

mW/°C 

♦ At ambient temperatures up to 25° C 


0.8 

W 

* At ambient temperatures above 25°C, derate linearly 


4.57 

mW/°C 

♦TEMPERATURE RANGE: 

Storage and operating (Junction) 


-65 to +200 

°C 

♦LEAD TEMPERATURE (During soldering): 

At distances > 1/32 in. (0.8 mm) from seating plane for 10 s max. ... 


265 

°C 


In accordance with JEDEC registration data format JS-8/RDF-7. 
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File No. 296 2N5189 

ELECTRICAL CHARACTERISTICS, At Ambient Temperature (T A )=25°C 



CHARACTERISTIC 

SYMBOL 


LIMITS 

UNITS 



2N5189 

V CB 


n 

'b 

MIN. 

MAX. 


Collector Cutoff Current: 










With emitter open 

'CBO 

60 




- 

100 

mA 











With emitter-base 










junction shorted 

'CES 





- 




Emitter Cutoff Current(Vgg=5V) 

'ebo 



0 


- 

10 

juA 


Collector-to-Emitter 








■ 


Breakdown Voltage 

V (BR)CEO 



0.01 


35 

- 

mm 


Collector-to-Emitter 










Saturation Voltage 

^CE^ sat ^ 



1 a 

0.1 

- 

1 

n 

* 

Base-to-Emitter Saturation 










Voltage 

Vgg(sat) 



1 a 

0.1 

- 

1.5 

i 


DC Forward Current 




0.1 a 


■ 

- 



Transfer Ratio 

h FE 



0.5 a 




riBBB 






1 D 



— 

B 


Common-Emitter, Small-Signal, 





B (B 

u 


B B 


Short-Circuit, Forward 

h fo 







B 


Current Transfer Ratio 

te 





1 




(f = 100 MHz) 





B B 

B 




Common-Base, Open-Circuit 








PF 


Output Capacitance 

C ob 








(f = 1 MHz) 










Switching Time (lg|=0.1 A): 




| 

' b 2 





Turn-on 










I'd + V 

*ON 



1 

- 

- 

40 













Turn-off 










l's + 'f l 

tQFF 



1 

-0.1 

- 

70 



*ln accordance with JEDEC registration data format JS-8/RDF-7. a Pulsed: Pulse duration = 300 /is; duty factor < 2%. 

b Pulsed: Pulse duration < 400 /is; duty factor < 0.03. 



Fig. 1— Circuit used to measure turn-on time. 



Fig. 2— Circuit used to measure turn-off time. 
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TYPICAL CHARACTERISTICS 



RATIO OF "ON" COLLECTOR CURRENT TO 
"TURN ON" BASE CURRENT (Ic/lB|) 

92CS-I3895 



"TURN ON" BASE CURRENT (Ic/lBl) 

92CS-I3896 


Fig. 3 — Rise Time vs Ic/hi 


Fig. 4 — Turn-On Time vs Iq/Ibi 



"TURN ON" BASE CURRENT (Ic/lBI> 




_ 

COMMON -EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE (Ta) = 25°C 
COLLECTOR AMPERES (I c )=l 
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RATIO OF "ON" COLLECTOR CURRENT TO 
"TURN ON" BASE CURRENT (I C /I B |) 92CS -i3889 


Fig. 5 — Turn-Off Time vs Ic/Ibi 


Fig. 6 - Storage Time vs Ic/Ibi 


COMMON -BASE CIRCUIT, EMITTER OPEN. 
AMBIENT TEMPERATURE (T A ) - 25°C 
FREQUENCY (f) =0.1 MHz 

EMITTER CURRENT (I E ) *0 
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Fig. 7 — Output Capacitance vs Collector-to-Base Voltage 


Fig. 8 — Input Capacitance vs Emitter-to-Base Voltage 
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_ 2N5189 


TYPICAL CHARACTERISTICS 



Fig. 9 — Collector-Cutoff Current vs Ambient Temperature 



92CS-I4747 

Fig. 10 - Collector-to-Emitter Breakdown Voltage vs 
Base-to-Emitter Resistance 
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Fig. 11 — Collector-to-Emitter Saturation Voltage vs Ic/Ibi 


Fig. 12 - Base-to-Emitter Saturation Voltage vs lc 



Fig. 13 — Static Forward Current-Transfer Ratio 
(Pulsed) vs l c 



Fig. 14 — Small-Signal Forward Current-Transfet 


Ratio vs l c 
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Solid State 
Division 


Power Transistors 

2N5239 

2N5240 



Silicon N-P-N Power Transistors 

High-Voltage, High-Power Types for 
Applications in Industrial and Commercial Service 

Features: 

■ High voltage ratings: V CER (sus) = 350 V, R BE < 50 £2 (2N5240) 

= 250 V, R be < 50 ft (2N5239) 

o High power dissipation rating: Py = 1 00 W at V CE = 150 V, Tq = 25° C 

■ For switching applications where circuit values and operating 

conditions require a transistor with a high second 
breakdown rating (Ig/j,) (limit line begins at 150 V) 

■ Maximum area-of-operation curves for dc and pulse operation 


RCA-2N5239 and 2N5240* are multiple epitaxial silicon 
n-p-n power transistors employing a new overlay con- 
struction with several emitter sites. Both devices employ 
the popular JEDEC TO-3 package; they differ in break- 
down-voltage and leakage-current values. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N5239 2N5240 


♦COLLECTOR-TO-BASE 

VOLTAGE, V CB0 300 375 V 

COLLECTOR-TO-EMITTER SUSTAINING 
VOLTAGE: 

* With base open, V CE q(sus) 225 300 V 

With external base-to-emitter resistance 

(R B E> ^ 50 fi, V CER (sus) 250 350 V 

♦EMITTER-TO-BASE VOLTAGE, V EBQ 6 6V 

♦COLLECTOR CURRENT, I c 5 5 A 

♦BASE CURRENT, I B -2 -2 A 

♦TRANSISTOR DISSIPATION, P T : 

At case temperatures up to 25° C 

and V CE up to 150 V 100 100 W 

At case temperatures up to 25° C 

and Vq E above 150 V See Fig 2. 

At case temperatures above 25° C 

and Vq E above 150 V See Figs. 1 & 2 

♦TEMPERATURE RANGE: 

Storage & Operating (Junction) .... —65 to +200 °C 
♦PIN TEMPERATURE (During Soldering) 

At distances > 1/32 in. from seating 

plane for 10 s max 230 °C 


The high breakdown voltage ratings and exceptional 
second -breakdown capabilities of these transistors make 
them especially suitable for use in series regulators, power 
amplifiers, inverters, deflection circuits, switching re- 
gulators, and high-voltage bridge amplifiers. 


*RCA Dev. Nos. TA2765 and TA2765A, respectively. 



92LS-I964RI 


Fig. 1 - Dissipation derating curves for types 
2N5239 & 2N5240 


♦In accordance with JEDEC registration data format (JS-6,RDF-2) 
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ELECTRICAL CHARACTERISTICS, Case Temperature (Tq) = 25° C Unless Otherwise Specified 





TEST CONDITIONS 

LIMITS 





DC 

DC 

_ 


„ 




Characteristic 

Symbol 

Collector 

Current 

Type 

Type 

Units 




Voltage (V) 

(A) 

2N5239 

2N5240 





V C E 

V B E 

»C 

'b 

Min. 

Max. 

Min. 

Max. 




•CEO 

200 

- 

- 

0 

- 

5.0 

- 

2.0 

mA 

* 


! cev 

300 

-1.5 

- 

- 

- 

4.0 

- 

- 

mA 

* 

Collector-Cutoff Current 

! cev 

375 

-1.5 

- 

- 

- 

- 

- 

2.0 

mA 



! CEV 












300 

-1.5 


— 


5.0 

— 

3.0 

mA 

(T c =150° C> 

* 

Emitter-Cutoff Current 

! ebo 

- 

—5.0 

0 

- 

- 

5.0 

- 

1.0 

mA 


Collector-to-Emitter 












Sustaining Voltage: 

(See Figs. 3 & 4) 











* 

With base open 

v CEO (sus ) 

- 


0.2 

0 

225 b 

- 

300 b 

- 

V 


With external base-to- 
emitter resistance 
(Rbe) - 50 n 

V CER< SUS ) 

_ 


0.2 

0 

250 b 

_ 

350 b 

_ 

V 

- 

Emitter-to-Base Voltage 

V EBO 

- 

- 

- 

0.02 

6 

- 

6 

- 

V 

* 

Base-to-Emitter Voltage 

V BE 

10 

- 

2.0 a 

- 

- 

3.0 

- 

3.0 

V 

* 

Collector-to-Emitter 

v CE (sat) 

_ 



2.0 a 

0.25 

_ 

2.5 

_ 

2.5 

y 


Saturation Voltage 

- 

- 

4.5° 

1.125 

- 

5 

- 

5 



DC Forward-Current 

h FE 

10 

- 

0.4° 

- 

20 

80 

20 

80 


* 

Transfer Ratio 

10 

- 

2.0 a 

- 

20 

80 

20 

80 


* 



10 

— 

4.5° 

— 

5 

— 

5 

— 



Output Capacitance (At 1 MHz) 
<VCB = 10V, I E = 0) 

C ob 

- 

- 

- 

- 

- 

150 

- 

150 

pF 

* 

Second-Breakdown 0 












Collector Current ^ 

(With base forward biased) 

I S/b C 

150 

- 

- 

— 

0.67 

“ 

0.67 


A 


Second-Breakdown Energy 












(With base reverse biased) 

R BE = 50 0, L = 0.2 mH 

E S/b e 


-4.0 

4.0 


1.6 


1.6 


mj 


Gain-Bandwidth Product 

f T 

10 

- 

0.2 


5.0 

- 

5.0 

- 

MHz 

* 

Magnitude of Common-Emitter, 












Small- Signal, Short-Circuit, 
Forward Current Transfer 

Ratio (at 1 MHz) 

Kl 

10 


0.2 


5.0 


5.0 




* 

Common-Emitter, Small-Signal 












Short-Circuit, Forward-Current 
Transfer Ratio (at 1 kHz) 

1 hfC 

10 


4.0 


20 


20 

" 



Thermal Resistance 

u 

_ 

_ 

_ 

_ 

_ 

1.75 

_ 

1.75 

°C/W 


(junction-to-Case) 











“Pulsed; pulse duration 4 350 /xs, duty factor = 2%. 

CAUTION: The sustaining voltages V^£q(sus) and V£ E j{(sus) MUST NOT be measured on a curve tracer. 

These sustaining voltages should be measured by means of the test circuit shown in Fig. 3. 

Ig/b is defined as the current at which second breakdown occurs at a specified collector voltage with the emitter-base 
junction forward biased for transistor operation in the active region, 
d Pulsed; 1-s, non-repetitive pulse. 

®Ec/b is defined as the energy at which second breakdown occurs under specified reverse bias conditions. Eg/b = 1/2LI^, 
where L is a series load or leakage inductance and I is the peak collector current. 

*In accordance with JEDEC registration data format (JS-6, RDF-2) 




2N5239, 2N5240 


File No. 321 


10 

8 

6 

4 

2 

1 

8 

6 

4 

2 

0.1 

8 

6 

4 

2 

0.01 

m 

::p±£ 

- J-H -I 

p-tjr 

M 

IStTS 

11 

pile 

BBSS 

®25m1 

mm 

ED 

MSI 

MU 

S?« ! 

5SU, 

juki 

Rif! 

LiBSlS'iiiikiE 

jggsszilyoas 

ill 

iJlT~T4nfi7? 


U 

m 


M; 


Bmniifs 


iiiii 

lllllliliill 

ifSiiseH 

mm 

f H: 1 d':3a£ 

pa 

ill 

pP 

/\ 

m 


m 

m 




liiis 

1- 

11 

w 

\% 

M 


m 

m 

mM 

IPI 

ill 

pT'-ridrz: 

f + ::=p:i-q 


iHi 

Tji; 

m 


ss 

m 


'Sil vm 

mmm 

i 

• • 

ift: j 

r.M 1 


Is 

m 

m 

IBB 

3Svi -ii 

iiu 

gplpp 

Stf 

- i '! : 

TX n 

{ COI 




m 

p 

m 

ii 

SDH II 

111 

:±r T fp± 

"terf 

tl; 

1AX. 

\im 

ueu 

•l:p 

m 

1 

II 

1 

■ 

Ii 

iiills 

Ip 

•ttil ilhll- ■ 

:::H: . r 

fi 


ri-i t 

i j 1 j- f ; 


am 

mnifi 

?3fiB 

S^BB 

airsi,^ 



X 




■tm 

1 f-i I j 


m bs 

rss 

S8Bj£5 

BUS 


ilDIBR 1 

BUURBSSi 

- — j-f-H 

i i 



' I'M 

if, if 

nsn 

BBSS 

59ft 



:.b 

^i&s; 

mmm 


: 

i-H-1 

IH 

-Hi 

tJ±k 

ms 

UfliSS 


EE 

sftvn 

ft.'! 

Mini 


- ! H-- 




_al. i, 
^ t: 


18 

mm 

Mil 

III 

mm 

m 

M 

HI 

pEiEpjHteE 

PH 

EEj-if 

Lui | 
J-tir- 

ids 

m 

■ 

he 

1!H 

lit 


m 

ilH 

giiii 

=ii==^E 

% 

zhtrizt 

■H-H-l 

■Mil 

11 

in 

I 

m 

Hi! 

Ii 

n 

M 

lii 

SSi±: 

ftfi rtt — 

mm 


W-Vn 

'TU j 

mm 

4 ft U 

iff 

ifiS: 

fife 





Sn{ S- 

f E ajrpEp- 

ii . 


■fif 

11 

: rjHt 

M 

si 

m 

II 

ill 

k\\ 

IIP 

miie 

litlp 

- i 

• 

ifS 

ill 

■iMti 

nrr |t 

IM 

St 

pi i 

lilt 

gg 

Ii 

HP 



liliill 

St ; - * 

Met 


~H"hr 

TH 1 - 


IIS If 

m 

JljjXl 

i# 

1 

ii! 

iiii 

!!!■ 

[[ 

i 

1 

pij 

iiii 


^ r "" 

SSffiSI 


HI 

m 


m 

sss 

BIS 

i 


SSP8B 

mu 

S!S! 

iiiHsi 

E± T pti 

P' 

53*51 

HSS 

mm 


pm 

:axss 

BS 

s 

is sr 

sirs 

iiu! S88B 

iissunsiBsi 

j- -t- -t j — t- 


suss 

81881 

8HBMBB 

km 

IjjJJj 

IM8 

Hen 

BB 

8 

S BS 

s:iu 

ilSfi Iiii 1 

■ |;i ip- 

i t — H - 

It 

Mflttl 

ill 

wsm 

mmmmm 

WM 

ill 

tm 

I 

Ii 

pff* 

I 

ir 

i wr 

IffilPs 

it? ■ 

Sp 

5F|i 

•Mil 

ISIrJj 

1" 

KM 

k2i$m l 

:4<bi! ; • i ; 



r[n 

|H; ’• 
fHf H 

lE- 

PI 

m 

1| 

I! 

ii 

is 5- 
!S 

i 

Hi 

lii 

mm 

Hfr 


fMi 

iiiMi 

npjt 

SI 


Bit 


IT! 


■■ 

fulfill 




. 

fit! 


ii 

SjpE 

III! 


I 

inn 

!U!! 


Ip: 

mill! 

t|ipga 

1*: d' 


ft 

®P 

H 

fjlt 

'qti 

ii 

"i r 

L 

lijllll 

1 

T] 


:t + p4$ 

t" i 

ill! 

ate 

-f!44 

fni 

iijn 

iiii 

ii 

H! 


11 

B! 

.'.li EEi 

HUB! 

ii 



10 100 1000 
COLLECTOR-TO-EMITTER VOLTAGE (V C e)— V 

92LS-I959RI 


Fig. 2 -Maximum operating area for types 2N5239 & 2N5240 
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. 2N5239, 2N5240 


CLARE 

MERCURY-RELAY 
MODEL No. HOP- 1004, 
OR EQUIVALENT 


COLLECTOR-TO-EMITTER VOLTAGE (Vce) “ 10 V 
CASE TEMPERATURE (Tc) = 25“ C 



i |5 HEWLETT-PACKARD 
| OSCILLOSCOPE 

i MODEL No. I30B, 
OR EQUIVALENT 


^ 0 TO 50 V 
-T (500 mA) 


Fig. 3 -Circuit used to measure sustaining voltages 
VqEO( sus ) an d VCER( SUS ) f° T types 2N5239 & 2N5240 



COLLECTOR-TO-EMITTER VOLTAGE (V CE )-V 


Note: The sustaining voltages VcEO<s u s) and VCER(sus) 
are acceptable when the traces fall to the right and 
above points “A” and “B” for types 2N5239 and 
2N5240 

Fig. 4 - Oscilloscope display for measurement of 
sustaining voltages. (Test circuit shown in Fig. 3.) 
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EXTERNAL BASE-TO-EMITTER RESISTANCE (R BE )—n 

92LS-I968RI 

Fig. 5 - Sustaining voltage vs. base-to-emitter resistance 
for types 2N5239 & 2N5240 


COLLECTOR CURRENT (Ir)— A 

u 92LS-I97I 

Fig. 6- Typical gain-bandwidth product for types 
2N5239 & 2N5240 



COLLECTOR CURRENT(I C )-A 92LS-I962 

Fig. 7- Typical DC beta for types 2N5239 & 2N5240 


CASE TEMPERATURE (T C )«25°C 



0 20 40 60 80 100 120 140 

COLLECTOR-TO-EMITTER VOLTAGE (V rP )— V 

‘ Ct 92LS-I967 

Fig. 8- Typical output characteristics for types 
2N5239 & 2N5240 
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2N5239, 2N5240 


File No. 321 



Fig. 9- Typical reverse-bias, second breakdown 
characteristic for types 2N5239 <& 2N5240 



BASE SERIES RESISTANCE (Rr) -A 

° 92SS-3740 

Fig. JO- Typical reverse-bias, second breakdown 
characteristic for types 2N5239 & 2N5240 



Fig. JJ- Typical reverse-bias , second breakdown 
characteristic for types 2N5239 & 2N5240 



BASE-TO-EMITTER VOLTAGE (V BE )— V 


Fig. J2- Typical transfer characteristics for types 
2N5239 & 2N5240 



Fig. 13 -Circuit used to measure switching times for 
types 2N5239 & 2N5240 



92CS- 12874 

Fig. 14 -Oscilloscope display of switching times. 
(Test circuit shown in Fig. 13.) 
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2N5239, 2 N 5240 



92LS-I970RI 


Fig. 7 5 - Saturated switching time (storage) vs. collector 
current for types 2N5239 & 2N5240 


PULSE WIDTH i20^t 

REPETITION RATE- 500 PULSES/s 
COLLECTOR SUPPLY VOLTAGE (V c c>“30 V 
CASE TEMPERATURE (Tc) - 25» C 
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0 0.5 1.0 1.5 za 2.5 3.0 3.5 4.0 


COLLECTOR CURRENT He)— A 

92LS-I969RI 


Fig. 16 - Saturated switching times (turn-on and fall) vs. 
collector current for types 2N5239 & 2N5240 


TERMINAL CONNECTIONS 

Pin 1 - Base 
Pin 2 - Emitter 
Case, Flange - Collector 
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Solid State 
Division 


Power Transistors 
2N5262 



Silicon N-P-N High-Speed 
Switching Transistor 

For Memory-Driver Service in Data-Processing Equipment and 
Other Critical Industrial Applications 


Features: 

e Fast switching at 1A: 
t 0 n = 30 ns max. 
toff = 60 ns max. 

■ High voltage ratings 
b High power-dissipation ratings 
B High dc beta at 1A — 25 min. 


■ Low saturation voltage at 1 A: 

0.5 V typ. 

b Maximum-area-of-operation curves 
for dc and pulse operation 
• Hermetic "low-profile TO-39" package 
H Meets Ml L-S-1 9500 specifications 


RCA-2N5262* is a silicon n-p-n, epitaxial planar transistor with 
characteristics which make it exceptionally desirable for High- 
speed, high-voltage, high-current switching applications. In 
addition, the 2N5262 features very short turn-on and turn-off 
times and low saturation voltages. It is also controlled for 
freedom from second breakdown under both forward-bias and 
reverse-bias conditions, when opeiated within specified maxi- 
mum ratings. 

The 2N5262 meets the requirements of the basic military 


specification Ml L-S-1 9500, and is hermetically sealed in & 
metal "low-profile JEDEC TO-39" package. 

RCA-2N5262 is primarily intended; for use as -a driver for 
"2-1/2D" coincident-current and word-organized magnetic- 
memory systems, and in the other critical industrial appli- 
cations requiring switching of large currents through induc- 
tive loads. 


• Formerly RCA Dev. No. TA7238. 


Maximum Ratings, Absolute-Maximum Values 

* COLLECTOR-TO-BASE VOLTAGE 

* COLLECTOR-TO-EMITTER VOLTAGE: 

With base open. 

With emitter-base shorted 

* EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT: 

* Continuous 

instantaneous (See Fig.4) 

* TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

At ambient temperatures up to 25°C 

At ambient temperatures above 25°C 

* TEMPERATURE RANGE: 

Storage and operating (Junction) 

* LEAD TEMPERATURE (During soldering): 

At distanced 1/32 in . (0.8 mm) from seating plane for 10 s max . . 

* In accordance with JEDEC registration data format JS-8/RDF-7. 


■ V CBO 

• V CEO 

• V CES 

■ V EBO 


PT 


75 V 

50 V 

60 V 

5 V 

2 A 

3 A 

4 W 
Derate linearly 22.8 mW/°C 

0.8 W 

Derate linearly 4.57 mW/°C 

-65 to 200 °C 

265 °C 
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2N5262 


ELECTRICAL CHARACTERISTICS, At Ambient Temperature (T A ) = 25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

V dc 

CURRENT 

A dc 

2N5262 


keb 

•c 

«E 

*B 



Collector Cutoff 

Current: 

With emitter-to*base 
junction shorted 

'CES 


■ 

■ 

■ 

■ 

■ 

10 

IJA 

With emitter open 

'CBO 


mm 




- 

100 

Emitter-to-Base Cutoff 
Current (V £B = 5V) 

'ebo 






- 



Collector-to-Emitter 
Breakdown Voltage 

v (BR)CEO 







_ 

V 

Collector-to-Emitter 
Saturation Voltage 

VcE< sat ) 






- 


V 

Base-to-Emitter 

Saturation Voltage 

VQj=(sat) 





0.1 

- 

1 - 4 

V 

DC Forward Current 
Transfer Ratio 

h FE 

1 

1 

1 




■ 


■9 

■ 

Common-Emitter, Small- 
Signal, Short-Circuit, 
Forward Current 

Transfer Ratio 
(f = 100 MHz) 

hf e 

10 


0.05 



2.5 

- 


Common-Base, Open- 
Circuit Output 
Capacitance 
(f = 1 MHz) 

^•ob 



■ 



■ 



Switching Time: 

Turn-on 
<td + t r ) 

l ON 



!C 




30 


1 



Turn-off 

(t s + tf) 

tQFF 



1 

0.1 


- 

60 



* In accordance with JEDEC registration data format JS-8/RDF-7. a Pulsed: Pulse duration = 300 jus; duty factor <2%. 

b Pulsed: Pulse duration < 400 jits, duty factor < 0.03. 




Fig. 1— Circuit used to measure 
turn-on time. 


Fig. 2— Circuit used to measure 
ttirn-off time. 
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3456789| 2 

100 

5 4 5 6 7 8 9 | 

1000 

RATIO OF "ON” COLLECTOR CURRENT TO 
"TURN ON" BASE CURRENT (Ic/lBI> 

COLLECTOR MILLIAMPERES (Ic) 

92CS-I3908R3 


Fig. 7— Typical small -si gnat 


Fig.8— Typical saturation- 

beta characteristics. 


voltage characteristics. 
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92CS-I3900 


Fig.9— Typical characteristics of saturation 
voltage vs. ratio of transistor beta 
to circuit beta. 



92CS-I390IRI 


Fig. 10— Typical base-to-emitter saturation 
voltage vs. collector current. 



BASE-TO-EMITTER VOLTS (V B e) 

92CS-I3898RI 

Fig. 1 1— Typical transfer characteristics. 


3LLECTOR-TO-EMITTER BREAKDOWN 
VOLTAGE— (BVCERL) 

vj oi 5 F3 

j> o oi o oi 

COMMON-EMITTER CIRCUIT. 

INDUCTIVE LOAD 

AMBIENT TEMPERATURE (T A ) = 25° C 
COLLECTOR MILLIAMPERES (Ic)=50 






B 

< 

o 

m 

CO 




V 





















\ 

\ 

















s 


bvce< 

n 

D--5 

r 

5' 

y 



— 

— 
















0 

















To 2 4 6 8 ,q2 2 4 6 8 ^3 2 4 6 8 ^ 

BASE-TO-EMITTER RESISTANCE (Rbe)-A 

92CS-I4869RI 


Fig. 12— Typical collector-to-emitter break- 
down voltage vs. resistance. 



92CS-I4867RI 


TERMINAL CONNECTIONS 
LEAD 1- EMITTER 
LEAD 2 -BASE 
LEAD 3 -COLLECTOR, CASE 


Fig.1 3— Typical output capacitance vs. 
collector-to-base voltage. 
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92CS— I3906RI 

Fig. 14— Typical input capacitance vs. 
emitter-to-base voltage. 



"TURN ON" BASE CURRENT (Ir/lRl) 

92CS-I3895RI 

Fig. 15— Typical rise-time characteristics. 



"TURN ON" BASE CURRENT (I C /lR|) 

92CS-I3896RI 





COMMON-EMITTER CIRCUIT. 

• AMBIENT TEMPERATURE (Ta) = 25°C 
COLLECTOR AMPERES (I C )=I 



_ 



-- 










__ 






















s 







.. 

= 










_ 


JZ 







o 







:: 

_ 




:: 






i 


T 







LlJ 







-U 





-i-L 








J_L 












:: 














< 40 





-- 






“TT 









yF-r- 


“T 



z 





-- 



- 



-- 







- 



-- 














_ 



-- 







z 



__ 














_ 










- 



-- 











'll 



- 










- 



-- 






LU 

s 

I- 20- 



























(U 

<2 ; 





:q 













= 









< 

tr 

o 

















vy 

i 









i— 

o> 





:E 






:= 






4 

i 














j2 


















2C 





0 10 20 30 

RATIO OF "ON" COLLECTOR CURRENT TO 
"TURN ON" BASE CURRENT (I C /I B I> 92CS -,3889R, 


Fig. 16— Typical turn-on time characteristics. 


Fig. 17— Typical storage time characteristics. 









EMITTER CIRCUIT. 













COMMON- 













AMBIENT TEMPERATURE (Ta) = 25 # C 
COLLECTOR AMPERES (Ic) = 1 ! 



















TURN-OFF TIME (t s + tf)— NANOSECONDS 
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0 10 20 30 

RATIO OF "ON" COLLECTOR CURRENT TO 
"TURN ON" BASE CURRENT (Ic/lBl) 

92CS-I389IRI 

Fig. 18— Typical turn-off time characteristics. 



92CS-I3903RI 


Fig. 19— Typical collector cutoff current 
as a function of temperature. 
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Power Transistors 


IMM] 

Solid State 
Division 


2N5293 2N5294 

2N5295 2N5296 

2N5297 2N5298 



Hometajsial"Base 3 Silicon N-P-IM 
VEHSAWATT Transistors 

General-Purpose Types for Medium-Power Switching and 
Amplifier Applications in Military, Industrial, and Commercial 
Equipment 

FEATURES 

o Low saturation voltage— 

V CE (sat) = 1 V max. at l c = 0.5 A (2N5293, 2N5294) 

= 1 V max. at lc = 1 A (2N5295, 2N5296) 

= 1 V max. at l c = 1.5 A (2N5297, 2N5298) 

°VERSAWATT package (molded-silicone plastic) 

©Maximum safe-area-of-operation curves specified for DC and pulse service 


RCA-2N5293, 2N5294, 2N5295, 2N5296, 2N5297 
and 2N5298* are hometaxial-base silicon n-p-n tran- 
sistors. They are intended for a wide variety of medium- 
power switching and amplifier applications such as 
series and shunt regulators, and in driver and output 
stages of high-fidelity amplifiers. Types 2N5293, 
2N5295; and 2N5297 have formed emitter and base leads 
for easy insertion into TO-66 sockets. Types 2N5294, 
2N5296, and 2N5298 are electrically identical to the 
2N5293, 2N5295, and 2N5297, respectively, but have 
straight leads. 


These new plastic power transistors differ in volt- 
age ratings and in the currents at which ti e parameters 
are controlled. 

* Formerly RCA Dev. Type Nos.TA7155, TA2911, TA7156, 
TA7137, TA7362, and TA7363, respectively. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With —1 .5 volts ( V b E) of reverse bias 

With external base-to-emitter resistance ( R b E) = 100 £2 . . 

With base open 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT . 

BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

At ambient temperatures up to 25°C 

At ambient temperatures above 25°C 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

LEAD TEMPERATURE (During Soldering): 

At distance > 1/8 in. (3.17 mm) from case for 10 s max. 


VCBO 

2N5293 

2N5294 

80 

2N5295 

2N5296 

60 

2N5297 

2N5298 

80 

V 

VcEV(sus) 

80 

60 

80 

V 

VCER(sus) 

75 

50 

70 

V 

VcEO(sus) 

70 

40 

60 

V 

VEBO 

7 

5 

5 

V 

lc 

4 

4 

4 

A 

IB 

2 

2 

2 

A 

PT 

36 

36 

36 

W 


Derate linearly at 0.288 W/°C 
or see Fig. 1 & 2. 

1.8 1.8 1.8 W 

Derate linearly at 0.0144 W/°C 

65 to +150 oc 

235 oc 


5-72 
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2N5293 - 2N5298 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 250C, Unless Otherwise Specified. 




TEST ( 




DC 


Characteristic 

Symbol 

Voltage (V) 

Cu 



V C E 

Vbe I 



Collector-Cutoff Current 
With external base-to-emitter 
resistance (R be )= 100 H 


Emitter-Cutoff Current 


DC Forward-Current Transfer Ratio 


Collector-to-Emitter 


Sustaining Voltage 

With base open 

VcEotsus) 

With external base-to-emitter 

resistance (Rbe) = 100 H 

V CER (sus) c 

With base-emitter junction 
reverse biased 

V CEV (sus) c 

Base-to-Emitter Voltage 

V BE ‘ 

Collector-to-Emitter 

Saturation Voltage 

V CE (sat) c 

Gain-Bandwidth Product 

fT 

Sat. Switching Time 


Turn-On (See Figs. 22 - 24) 

*on 

Turn-Off (See Figs. 22 -24) 

'off 

Thermal Resistance; 
Junction-to-Case 

0 J-C 

Junction-to-Ambient 

3-A 



UBBumm 






~n 


m 

d 

m 



umn 


°c/w 




I value (turn-on base current). 


* Iro va,ue (turn-off base current). 


Pulsed, pulse duration = 300 /is, 
duty factor = .018. 
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SPECIFIED VOLTAGE 
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2N5293 - 2N5298 



COLLECTOR-TO-EMITTER VOLTAGE (V CE ) — V 

92CS- I7I60RI 


Fig. 1 —Maximum operating areas for all types. 


25 


50 


75 


100 


125 


150 


175 


EFFECTIVE CASE TEMP. OR CASE TEMP. (TefF OR TcH°C 
Fig. 2— Derating curve for all types. 



92CS- 20108 

Fig.3— Thermal-cycling rating chart for all types. 
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DC FORWARD-CURRENT TRANSFER RATIO (h FE ) | | DC FORWARD-CURRENT TRANSFER RATIO (h FE ) | Q | | DC FORWARD-CURRENT TRANSFER RATIO (h FE ) 


2N5293 - 2N5298 


File No. 322 



COLLECTOR CURRENT (l c ) - A 


Fig.4 — Typical DC beta for types 2N5293 & 2N5294. 



Fig.5— Typical gain-bandwidth product for types 2N5293 & 2N5294. 




Fig. 6- Typical DC beta for types 2N5295 & 2N5296. Fig. 7- Typical gain-bandwidth product for types 2N5295 & 2N5296. 




Fig. 8— Typical DC beta for types.2N5297 & 2N5298. 


Fig. 9— Typical gain-bandwidth product for types 2N5297 & 2N5298. 




File No. 322 


2N5293 - 2N5298 



BASE-TO-EMITTER VOLTAGE (V BE ) - V 

Fig. 10— Typical input characteristics for types 2N5293 & 2N5294. 



Fig. 1 1— Typical transfer characteristics for types 2N5293 & 2N5294. 



Fig. 12— Typical input characteristics for types 2N5295 & 2N5296. 
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Fig. 13— Typical transfer characteristics for types 2N5295 & 2N5296. 



Fig. 15— Typical transfer characteristics for types 2N5297 & 2N5298. 

211 



Fig. 14— Typical input characteristics for types 2N5297 & 2N5298. 
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2N5293 - 2N5298 


M2 V VcC= + 30 



92CS-I4994RI 


Fig.22— Circuit used to measure switching times for types 2N5295 & 
2N5296. 



92CS- 13996 

Fig.23— Phase relationship between input and output currents 
showing reference points for specification of switching times. 
(Test circuit shown in Fig.22.) 
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Fig. 24— Typical saturated switching characteristics for types 2N5295 
& 2N5296. 


TERMINAL CONNECTIONS FOR TYPES 2N5293, 
2N5295, AND 2N5297 

Lead No.l - Base 
Lead No.3 - Emitter 
Mounting Flange - Collector 

© - Do not use stub as tie point. 


TERMINAL CONNECTIONS FOR TYPES 2N5294, 
2N5296, AND 2N5298 

Lead No.l - Base 
Lead No. 2 - Collector 
Lead No.3 - Emitter 
Mounting Flange - Collector 
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Solid State 
Division 


Power Transistors 

2N5320 2N5321 
2N5322 2N5323 



Complementary N-P-N & P-N-P 
Silicon Power Transistors 

General-Purpose T ypes for Small-Signal, 

Medium- Power Applications 

Features: 

■ 2N5322 1 P-N-P f 2N5320 
2N5323 j Complements of: [ 2N5321 

■ Maximum safe-area-of-operation curves 

■ Planar construction for low-noise and 

low-leakage characteristics 

■ Low saturation voltage 

■ High beta at high collector current 


These devices are available with either 1%- 
inch leads (TO-5 package) or %- inch leads 
(TO-39 package) . The longer-lead versions are 
specified by suffix "L" after the type num- 
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 


RCA-2N5320, 2N5321, 2N5322 and 2N5323 are double- 
diffused epitaxial-planar silicon power transistors intended for 
small-signal medium-power applications. The 2N5320 and 
2N5321 n-p-n types are actually high-current, high-dissipation 
versions of the 2N2102 with all of the salinet features of that 
device. The 2N5322 and 2N5323, p-n-p complements of the 
2N5320 and 2N5321, are actually high-current, high-power 
versions of the 2N4036 with all of its additional outstanding 
features. (Technical data on the 2N2102 and 2N4036 are 
shown in RCA Data Bulletin File Nos. 106 and 216, respectively). 


TERMINAL CONNECTIONS 

Lead 1 — Emitter 

Lead 2 — Base 

Lead 3 — Collector, Case 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

v CBO 

2N5321 

75 

2N5323 

-75 

2N5320 

100 

2N5322 

-100 

V 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE 
With 1.5 volts (Vbe) of reverse bias 

VcEV( sus > 

75 

-75 

100 

-100 

V 

With external base-to-emitter resistance 

(R B e) = 100 12 

VcER(sus) 

65 

-65 

90 

-90 

V 

With base open 

VcEO< sus ) 

50 

-50 

75 

-75 

V 

EMITTER-TO-BASE VOLTAGE 

v EBO 

5 

-5 

7 

-7 

V 

COLLECTOR CURRENT 

•c 

2 

-2 

2 

-2 

A 

BASE CURRENT 

Ib 

1 

-1 

1 

-1 

A 

TRANSISTOR DISSIPATION:- 

PT 

10 

10 

10 

10 

W 


At case temperatures up to 25° C . 
At case temperatures above 25° C . 
TEMPERATURE RANGE: 


See Figs. 3 & 6 
Derate linearly at 0.057 W/°C 


Storage and operating (Junction) 65 to + 200 ^ °C 

* LEAD TEMPERATURE (During soldering): 

At distance_> 1/32 in. (0.8 mm) from 

seating plane for 10 s max mm 230 °C 


*ln accordance with JEDEC registration data format (JS-6 RDF-1) 
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File No. 325 2N5320-2N5323 

ELECTRICAL CHARACTERISTICS, Case Temperature (Jq) = 25° C, unless otherwise specified 




TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 

Symbol 

DC 

Voltage 

DC 

Current 

Type 

Type 

Type 

Type 

Units 




V 


mA 


2N5320 

2N5321 

2N5322 

2N5323 



ao 

o 

> 

VCE 

< 

CD 

m 

IC 

IB 

Mm. 

Max. 

Min. 

Max. 

Min. 

Max. 

Mm. 

Max. 




80 





- 

0.5 


- 






Collector-Cutoff Current: 

ICBO 

60 





- 

- 

- 

5 

- 

-0.5 




With base open (1 e = 0) 

-80 






- 





-5 


•60 








_ 

- 




With base-emitter 



100 

75 

-1.5 

-1.5 




0.1 

_ 

0.1 

; 

; 

; 

- 


Junction reverse biased 



-100 

1 5 



_ 

. 

_ 



-0.1 


_ 

m A 


'CEX 


-75 

1.5 



- 

- 


- 

- 

- 


-0.1 


T C =150°C 


70 

-1.5 



- 

5 

- 

5 

- 

- 


- 





45 

-70 

-45 

-1.5 

1.5 

1.5 



' 

- 

- 


-5 

- 

-5 

inA 





-7 

0 


- 

0.1 

- 

- 


- 

- 

- 






-5 

0 


. 

- 

- 

0.1 

- 

- 

* 

- 


Emitter-Cutoff Current 




7 - 

0 


- 

- 



- 

-0.1 

- 

- 

in A 


lEBO 



5 

0 


- 

- 

- 

- 

- 

- 

- 

-0.1 





-5 

0 



0.1 

- 


- 

- 









-4 

0 




- 

0.5 

- 

- 



juA 





5 

0 





- 

- 

-0.1 







■4 

0 





- 

- 


- 

-0.5 


Collector-to-Emitter 
















Breakdown Voltage: 

With base-emitter junction 

V(BR)CEV 



•1.5 

0.1 


100 


75 






V 

reverse biased 




1.5 

-0.1 






-100 


-75 


Collector-to-Emitter 
















Sustaining Voltage: 
















With external base-to- 
















emitter resistance 

VcER(SuS)° 




100 


90 

- 

65 

- 


- 

- 

- 

V 

( r be ) = ioo n 





-100 





- 

-90 


-65 

- 

With base open 

VCEO (SUS ' a 




100 

0 

75 


50 


-75 

- 

- 

- 

V 





-100 

0 


■ 



- 

-50 

" 


Collector-to- Emitter 

VcEisat) 




500 

50 


0.5 


0.8 

- 

-0.7 


-1.2 

V 

Saturation Voltage 




-500 

-50 






- 


Base-to-Emitter Voltage 

VbE 


4 

-4 


500 

-500 



1.1 


1.4 

- 

-LI 

- 

-1.4 

V 




4 


500 


30 

130 

40 

250 



- 

_ 


DC Forward Current 

h FE b 


-4 


-500 


- 

- 

- 

- 

30 

130 

40 

250 


Transfer Ratio 


2 


1000 


10 

_ 

. 


- 

- 

- 

- 



See NOTE 


-2 


-1000 



- 

- 


10 

- 

- 

- 


Gain-Bandwidth Product 

f T 


4 

-4 


50 

-50 


50 


50 


50 


50 


MHz 

Magnitude of common-emitter, 
















small-signal, short circuit, 

1 h fe| 


4 


50 


5 

- 

5 

- 

- 

- 

- 

- 


forward current transfer ratio 
(f=10 MHz) 


-4 


-50 






5 


5 
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2N5320— 2N5323 


File No. 325 


ELECTRICAL CHARACTERISTICS, (Cont'd) 


CHARACTERISTIC 

Symbol 

TEST CONDITIONS 

LIMITS 

Units 

DC 

Voltage 

V 

DC 

Current 

mA 

Type 

2N5320 

Type 

2N5321 

Type 

2N5322 

Type 

2N5323 

VCB 

VCE 

VBE 

1C 

IB 

Mm. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Second Breakdown Collector 
Current 0 ' 6 

(With base forward biased) 

'S b d 


50 

-35 




200 


200 


-285 


-285 


mA 

Sat. Switching Time: 
















(See Fix. 11.) 



30 


500 

50 


80 


80 




- 

ns 

Turn-on Time 

l on 


-30 


-500 

-50 

- 





100 


100 


Turn-off Time 

toff 


30 


500 

50 

- 

800 


800 

- 

- 



ns 




-30 


-500 

-50 


- 


- 

- 

1000 


1000 


Thermal Resistance: 
















Junction-to-Case 

tfj-c 






- 

17.5 

- 

17.5 


17.5 


17.5 

°c/w 

Junction-to-Ambient 

£j-A 





_ 

- 

150 


150 


150 


150 

°c/w 


a CAUTION: The sustaining voltages Vceo( sus ) and V CER( SUS ) 
MUST NOT be measured on a curve tracer. 

k Pulsed; pulse duration <_ 300 /xs, duty factor < 0.02. 

c Safe operating regions for forward-bias operation are shown on 
pages 4 & 5. 

^ IS /b >s defined as the current at which second breakdown occurs at 
a specified collector voltage with the emitter-base junction forward 
biased for transistor operation in the active region. 

e Pulsed; 0.4s non-repetitive pulse. 

In accordance with JEDEC registration data format (JS-6 RDF-1) 


NOTE: RCA 2N5320, 2N5321, 2N5322, and 2N5323 can be shipped 
with color dots on the device case to indicate the following ranges of 
beta values within the beta limits specified for each device. 


Color Code 

Brown 

Red 

Orange 

Yellow 


Beta Range 

25-38 

33-50 

43-65 

56-85 


Color Code 

Green 

Blue 

Violet 

White 


Beta Range 

73-110 

95-145 

125-190 

165-250 


Specific beta distributions or beta matching are available as custom 
types only on special order. For further details, contact your local 
RCA Sales office. 
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92CS — I500IRI 

Fig. 1 - Typical input characteristics for types 2N5320 and 
2N5321. 



92CS-I5003RI 

Fig. 2 - Typical transfer characteristics for types 2N5320 
and 2N5321. 
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COLLECTOR CURRENT (I c 


File No. 325 


2N5320— 2N5323 





Fig. 3 - Maximum operating areas for types 2N5320 and 2N5321. 



92CS-I5006RI <J?f.S-l5007RI 

Fig. 4 - Typical output characteristics for types 2N5320 and Fig. 5 - Typical output characteristics for types 2N5322 
2N5321. and 2N5323. 
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File No. 325 



92CS-I7547 

Fig. 6 - Maximum operating areas for types 2N5322 and 2N5323. 



Fig. 7 - Typical static beta characteristics for types 2N5320 , 
and 2N5321. 



92CS -I5004RI 

Fig. 8 - Typical static beta characteristics for types 2N5322 
and 2N5323. 
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2N5320— 2N5323 
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Fig. 9 - Typical input characteristics for types 2N5322 and 
2N5323. 
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Fig. 10 - Typical transfer characteristics for types 2N5322 
and 2N5323. 


V B B--IOV V C C‘30V 



Fig. 1 1 - Circuit used to measure switching times for all types. 
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File No. 336 



Solid State 
Division 


Power Transistors 
2N5415 2N5416 



Silicon P-N-P 
High-Voltage Transistors 

For Highspeed Switching and Linear-Amplifier 
Applications in Military, Industrial and Commercial Equipment 

Features: 

■ 2N5415: p-n-p complement of 2N3440* 

2N5416: p-n-p complement of 2N3439* 

" Maximum safe-area-of-operation curves 
M High voltage ratings: 

v CBO = “ 35 ° v max - (2N5416) 
v CEO {sus) = - 300 v max - (2IM5416) 

-200 V max. (2N5415) 


These devices are available with either V/z- 
inch leads (TO-5 package) or Vi-inch leads 
(TO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num- 
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 


RCA-2N5415 and 2N5416* are silicon p-n-p transistors with 
high breakdown voltages, high frequency response, and fast 
switching speeds. 

These transistors differ primarily in their voltage ratings. 
Typical applications include high-voltage differential and 
operational amplifiers; high-voltage inverters; and high-voltage, 
low-current switching and series regulators. 


TERMINAL CONNECTIONS 

Lead 1 — Emitter 

Lead 2 — Base 

Lead 3 — Collector, Case 


♦ Formerly RCA Dev. Types TA2819 and TA2819A, respectively. 

* Data on types 2N3439 and 2N3440 are given in RCA data bulletin 
File No. 64. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

*COLLECTOR-TO-BASE VOLTAGE - 

v CBO 

2N5415 

-200 

2N5416 

-350 

V 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With external base-to-emitter resistance (Rg E ) = 50 £1 

V CER (sus) 

_ 

-350 

V 

* With base open 

v CEO( sus ) 

-200 

-300 

V 

"EMITTER-TO-BASE VOLTAGE 

v EBO 

-4 

-6 

V 

* COLLECTOR CURRENT 

! C 

-1 

-1 

A 

*BASE CURRENT 

'b 

-0.5 

-0.5 

A 

"TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

p T 

10 

10 

W 

At case temperatures above 25°C 

At ambient temperatures up to 50°C 


See Figs. 
1 

1 and 2 

1 

W 

At ambient temperatures above 50°C 

Derate linearly at 

6.7 

6.7 

mW/°C 


"TEMPERATURE RANGE: 

Storage and Operating (Junction) —65 to +200 °C 

*LEAD TEMPERATURE (During soldering): 

At distance > 1/32 in. (0.8 mm) from seating plane for 10 s max. ... 255 °C 

*!n accordance with JEDEC registration data format (JS-9 RDF-8) 
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File No. 336 2N5415, 2N5416 


ELECTRICAL CHARACTERISTICS, Case Temperature ( T C )=25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

V dc 

CURRENT 

mA dc 

2N5415 

2N5416 

< 

O 

03 

V CE 

V BE 

'c 

'b 

Min. 

Max. 

Min. 

Max. 

Collector-Cutoff Current: 

With base open 

'CEO 


-250 

-150 



0 

0 

- 

-50 

- 

-50 

mA 

With emitter open 

'CBO 

-280 

-175 





~ 

-50 

_ 

-50 

mA 

With base-emitter junction 
reverse-biased 

'CEV 


-300 

-200 

1.5 

1.5 



- 

-50 

- 

-50 

AiA 

Emitter-Cutoff Current 

'ebo 



6 

4 

0 

0 


_ 

-20 

_ 

-20 

mA 

DC Forward-Current 

Transfer Ratio 

h FE 


-10 

-10 


-50 

-50 


30 

150 

30 

120 


Collector-to-Emitter 

Sustaining Voltage: 

With base open 

(See Figs. 4 and 5) 

V CEO* sus * 




-50 

0 

— 200 a 

- 

— 300 a 

- 

V 

With external base-to-emitter 
resistance(Rg^)=50 n 

V CER (sus) 




-50 


- 

- 

— 350 a 

- 

V 

Base-to-Emitter 

Saturation Voltage 

< 

CD 

m 


-10 


-50 


- 

-1.5 

- 

-1.5 

V 

Collector-to-Emitter 

Saturation Voltage 

Vce^ 53 ^) 




-50 

-5 

- 

-2.5 

- 

-2 

V 

Common-Emitter, Small-Signal, 
Short-Circuit, Forward-Current 
Transfer Ratio (at 1 kHz) 

h fe 


-10 


-5 


25 

- 

25 

- 


Magnitude of Common-Emitter, 
Small-Signal, Short-Circuit 
Forward-Current Transfer 
Ratio (at 5 MHz) 

h.l 


-10 


-10 


3 

- 

3 

- 


Real Part of Common-Emitter 
Small-Signal, Short-Circuit 
Impedance (at 1 MHz) 

Re(h; e ) 


-10 


-5 


- 

300 

- 

300 

n 

Common-Base, Short-Circuit, 

Input Capacitance (at 1 MHz) 

C ib 



5 

0 


- 

75 

- 

75 ■ 

pF 

Output Capacitance (at 1 MHz) 

^ob 

-10 





- 

15 

- 

15 

pF 

Forward-Bias, Second-Breakdown 
Collector Current: 

(0.4-s, non-repetitive pulse) 

's/b b 


-100 




-100 

- 

-100 

- 

mA 

Thermal Resistance: 

Junction-to-Case 

R 0JC 






- 

17.5 

- 

17.5 

°C/W 


a CAUTION: The sustaining voltages Vq^q(sus) and Vq EF j(sus) MUST 
NOT be measured on a curve tracer. The sustaining voltage should be 
measured by means of the test circuit shown in Fig. 4. 


k’s/b ' s defined as the current at which second breakdown 
occurs at a specified collector voltage. 


In accordance with JEDEC registration data format 
(JS-9 RDF-8). 




2N5415, 2N5416 


File No. 336 



Fig. 1 — Maximum safe operating areas. 



Fig. 2 — Dissipation derating curve. 



Fig. 3 — Typical dc beta characteristics for both types. 
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2N5415, 2N5416 



-v cc (0 TO 50V, 
100mA) 


TO 

HEWLETT- 
v PACKARD 

? osc. 

MODEL I30B 
OR EQUIV. 


9 2 SS - 37I5RI 



92SS-37I6RI 


Fig. 4 — Circuit used to measure sustaining voltages , 
Vqeo^ sus ^ and Vcer( sus ) for both types. 


The sustaining voltage V CE q(sus) is acceptable when the trace 
falls to the right and above point "A" for type 2N5415. The 
trace must fall to the right and above point "B" for type 
2N5416. 


Fig. 5 — Oscilloscope display for measurement of 

sustaining voltages (test circuit shown in Fig. 4). 



92SS-37I7R2 

Fig. 6 — Sustaining voltage vs. base-to-emitter resistance 
for type 2N5416. 



Fig. 7 — Typical gain-bandwidth product for both types. 



COLLECTOR CURRENT (Iq) — m A 

92CS- 17512 

Fig. 8 — Typical coUector-to-emitter saturation voltage 
for both types. 
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File No. 336 



BASE-TO-EMITTER VOLTAGE (V B E> — V 

92CS-22546 

Fig. 9 — Typical input characteristics for both types. 



COLLECTOR CURRENT (Ic > — mA 

92CS-I7 515 Rl 

Fig. 10 — Typical turn-on time characteristic for both types. 



Fig. 11 — Typical output characteristics for both types. 



COLLECTOR CURRENT (Ic )— m A 

92CS-I75I4 


Fig. 12 — Typical storage-time characteristic for both types. 



Fig. 13 — Typical transfer characteristics for both types. 
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Fig. 14 — Typical fall-time characteristic for both types. 
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ukbzh 

Solid State 
Division 


Power Transistors 

2N5490 2N5491 
2N5492 2N5493 
2N5494 2N5495 
2N5496 2N5497 



Homeiaxial-Base, Silicon N-P-N 
VERSAWATT Transistors 

General-Purpose Types for Medium-Power Switching and 
Amplifier Applications in Military, Industrial, and Commercial 
Equipment 

FEATURES 

® Low saturation voltage— 

V CE (sat) = I V max. at l c = 2 A (2N5490, 2N5491) 

= 1 V max. at lc = 2.5 A (2N5492, 2N5493) 

= 1 V max. at l c = 3 A (2N5494, 2N5495) 

= 1 V max. at Iq = 3.5 A (2N5496, 2N5497) 
o VERSAWATT package (molded silicone plastic) 

o Maximum safe-area-of-operation curves specified for DC and pulse operation 


RCA-2N5490, 2N5491, 2N5492, 2N5493, 2N5494, 
2N5495, 2N5496 and 2N5497* are hometaxial-base silicon 
n-p-n transistors. They are intended for a wide variety 
of medium-power switching and amplifier applications, 
such as series and shunt regulators and driver and out- 
put stages of high-fidelity amplifiers. 

Types 2N5491, 2N5493, 2N5495, and 2N5497 have 
formed emitter and base leads for insertion into TO-66 
sockets. Types 2N5490, 2N5492, 2N5494, and 2N5496 
are electrically identical to the 2N5491, 2N5493, 2N5495, 
and 2N5497 but have straight leads. 


These new plastic power transistors differ in volt- 
age ratings and in the currents at which the parameters 
are controlled. 

* Formerly RCA Dev. Nos. TA7317, TA7318, TA7315, TA7316, 
TA7313, TA7314, TA7311, TA7312, respectively. 


OPTIONAL LEAD CONFIGURATION 

An additional lead forming for printed-circuit-board mounting 
is also available. 

Please submit requirements to your RCA Technical Sales Repre- 
sentative, or write to RCA Low-Frequency Power Marketing, 
Somerville, N. J. 08876. 


Maximum Ratings, Absolute-Maximum Values: 

COLLECTOR -TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With -1.5 volts (V B g) of reverse bias 

With external base-to-emitter resistance (Rbe* = 100^ 

With base open 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT 

BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At ambient temperatures up to 25°C 

At case temperatures above 25°C 

At ambient temperatures above 25°C 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

LEAD TEMPERATURE (During Soldering): 

Atdistance > 1/8 in. (3.17 mm) from case for 10 s max . . 



2N5490 

2N5491 

2N5494 

2N5492 

2N5496 



2N5495 

2N5493 

2N5497 


v CBO 

60 

75 

90 

V 

v CEV <sus) 

60 

75 

90 

V 

V CER (8U8 > 

50 

65 

80 

V 

v CEO (su8) 

40 

55 

70 

V 

v EBO 

5 

5 

5 

V 

k3 

7 

7 

7 

A 

% 

3 

3 

3 

A 

P T 

50 

50 

50 

W 


1.8 

1.8 

1.8 

w 


Derate linearly at 0.4 W/°C or see Figs. 2 & 3. 

Derate linearly at 0.0144 W/°C 


-65 to 150 ► °C 

235 °C 


12-73 


225 






2N5490— 2N5497 File No. 353 

ELECTRICAL CHARACTERISTICS, Case Temperature ( T Q ) = 25° C Unless Otherwise Specified 




TEST CONDITIONS 

LIMITS 




DC 




Types 

Types 

Types 

Types 


Characteristic 

Symbol 

Voltage 


UL 

2N5496 

2N5494 

2N5492 


Units 



(V) 


Current (A) 

2N5497 

2N5495 

2N5493 

2N5491 




V CE 

V BE 

•c 

'b 












85 

-1.5 



■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


Collector-Cutoff Current 

'CEV 

55 

-1.5 



■ 


1 


1 


■ 

1 

mA 

With base-emitter junction 

70 

-1.5 



■ 


■ 

■ 


D 


■ 


reverse biased 


85 

-1.5 




5 





. 




'CEV 

55 

-1.5 






5 



. 

. 

mA 


(T c = 150°C) 

70 

-1.5 








5 

- 





70 





0.5 




- 



mA 

Collector-Cutoff Current 

'CER 

40 







0.5 


- 

0.5 


2 

With external base-to-emitter 


55 








* 




resistance (Rgg) = 100 fi 


70 





3.5 






- 


'CER 

40 







3.5 




5 

mA 


(T C = 150PC) 

55 







- 


3.5 




Emitter-Cutoff Current 

•ebo 


-5 




1 


1 


1 


1 

mA 



4 


3.5 


20 

100 


- 








4 


3 




20 

100 



- 



DC Forward-Current Transfer Ratio 

h FE C 

4 


2.5 






20 

100 






4 


2 




- 




20 

100 


Col lector-to-Emitter Sustaining 















Voltage: 

With base open 

V CE0 (SUS ' C 



0.1 

0 

70 


40 


55 


40 


V 

With external base-to-emitter 
resistance (Rg E ) = 100 0 

Vcer( sus ) C 



0.1 


80 


50 


65 


50 


V 

With base-emitter junction 
reverse biased 

V CEV (sus) c 


-1.5 

0.1 


90 

* 

60 


75 


60 


V 



4 


3.5 



1.7 

- 









4 


3 





1.5 


. 




Base-to-Emitter Voltage 

V BE C 

4 


2.5 







1.3 



V 



4 


2 




- 





1.1 






3.5 

0.35 


1 








Collector-to-Emitter 

V CE (sat) c 



3 

0.3 



- 

1 





V 

Saturation Voltage 



2.5 

0.25 






1 

- 







2 

0.2 


- 






1 


Gain-Bandwidth Product 

f T 

4 


0.5 


0.8 


0.8 


0.8 


0.8 


MHz 

Sat. Switching Time: 




3.5 

0.35° 


5 





- 

- 


Turn-On (See Figs. 15 and 17) 

^on 

V CC = 30 


3 

0.3° 

- 



5 


- 



fiS 



2.5 

0.25° 






5 








2 

0.2 








5 


Turn-Off (See Figs. 15 and 17) 

t off 

V CC - 30 


3.5 

3 

2.5 

0.35 b 

0.3 b 

0.25 b 


15 


15 


15 



fMS 





2 

0.2 





- 



15 
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.2N5490— 2N5497 


ELECTRICAL CHARACTERISTICS, Case Temperature (Tq) = 25° C Unless Otherwise Specified ( Cont'd .) 



■ 

TEST CONDITIONS 

LIMITS 


Characteristic 

B 

DC 

Voltage 

(V) 


DC 

Current (A) 

Types 

2N5496 

2N5497 

Types 

2N5494 

2N5495 

Types 

2N5492 

2N5493 

Types 

2N5490 

2N5491 

Units 


■1 


B33 

m 

m 

mu 



QU 

mi 





Thermal Resistance: 
Junction-to-Case 

Hi 


1 

i 

■ 

■ 


■ 


■ 

2.5 


2.5 

°c/w 

Junction-to-Ambient 

^j-A 


_ 

_ 

_ 

_ 

» 

_ 


_ 

70 


70 

°c/w 


° l B , value (turn-on base current). b l B2 value (turn-off base current). c Pulsed, pulse duration = 300 /xs, duty factor = .018. 


UJ 

COLLECTOR MILLIAMPERES (I c ) =ICO 
CASE TEMPERATURE (T C ) = 25°C 







■ 

< 85 

1 

VCER 


2 

V54 

36 

a 

2 

N54 

97) 











of °° 





















? 1 75 
S'" 

















Vc 

EO 



So 

V 



CEF 


(2 

N54 

92 

a 

2 

N54 

93) 











Si > 





















i° 60 

SI 55 

^ cr 
















b. 

Vg 

0 



V 

CEF 


(21 

N54‘ 
1 \ 

94 

\ i 

a 

i i 

2 

L4- 

N54 

95) 




t 







o£ 50 

§ 45 


[2N! 

54 

9( 

3 a 

2N 

5* 

19 

1) 




•y 




Z 






~ 












N 

N 



VCE 

:o 



35 






_ 












□ 








in 

4 


r,2 ' 


e 8 

: 



i 

: 

2 


8 


BASE-TO-EMITTER RESISTANCE (Ror)— OHMS 

92CS— I4982RI 


Fig. 7 - Collector-to-emitter sustaining voltage charac- 
teristics for types 2N5490 through 2N5497 inclusive. 



92CS-I5379 


Fig.2 - Maximum operating areas for types 2N5490 
through 2N5497 inclusive . 
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PERCENTAGE OF RATED CURRENT AT 
SPECIFIED VOLTAGE 
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** J2SS-5600 

F/g.3 - Derating curve for types 2N5490 through 2N5497 
inclusive. 



Fig. 4 - Typical static beta characteristics for types 
2N5496 and 2N5497. 


227 











2N5490— 2N5497 


File No. 353 



Fig. 5 - Typical static beta characteristics for types 
2N5494 and 2N5495. 



-5 -4 -3 -2 -I 0 

BASE-TO-EMITTER VOLTAGE (V BE )— V 92C 


Fig.7 - Reverse- bias, second-breakdown charac- 
teristics for types 2N5490 through 2N5497 inclusive. 



COLLECTOR-TO-EMITTER VOLTS (V CE ) 92C s- 14977 

Fig. 9 - Typical output characteristics for types 2N5494 
through 2N5497 inclusive. 



Fig. 6 - Typical static beta characteristics for types 
2N5490 through 2N5493 inclusive. 



COLLECTOR AMPERES (I C ) 

92CS-I4983RI 

Fig. 8 - Typical gain-bandwidth product for types 2N5490 
through 2N5497 inclusive. 



Fig. 10 - Typical output characteristics for types 2N5494 
and 2N5495. 
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2N5490— 2N5497 



Fig. 11 - Typical output characteristics for types 2N5490 
through 2N5493 inclusive. 



Fig. 13 - Typical input characteristics for types 2N5490 
through 2N5493 inclusive. 



Fig. 15 - Typical transfer characteristics for types 2N5490 
through 2N5493 inclusive. 



92CS-I499 7 

Fig. 12 - Typical input characteristics for types 2N5494 
through 2N5497 inclusive. 



Fig. 14 ■ Typical transfer characteristics for types 2N5494 
through 2N5497 inclusive. 



Fig. 16 - Typical transfer characteristics for types 
2N5490 through 2N5497 inclusive. 


229 




2N5490— 2N5497 


File No. 353 




Fig.'ll - Circuit used to measure switching times for 
types 2N5494 and 2N5495. 


Fig. 18 - Oscilloscope display for measurement of switching 
times (test circuit shown in Fig. 17). 
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Fig. 19 - Typical saturated switching characteristics for 
types 2N5494 and2N5495. 


TERMINAL CONNECTIONS 
FOR TYPES 2N5490, 2N5492, 
2N 5494, &2N 5496 


Terminal No. 1-Base 
Terminal No. 3-Emitter 
Terminal No. 4-Collector 


TERMINAL CONNECTIONS 
FOR TYPES 2N 5491 ,2N 5493, 
2N5495, & 2N5497 

Terminal No.' 1-Base 
Terminal No. 2-Collector 
Terminal No. 3-Emitter 
Terminal Nc. 4-Collector 
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Power Transistors 


Solid State 
Division 


2N5575 2N5578 


High-Current, High-Power, 
Hometaxial-Base Silicon 
N-P-N T ransistors 

For Linear and Switching Applications in 
Military, Commercial, and Industrial Equipment 
Features: 

a Maximum safe-area-of operation curves 
Q li ne beginning at 25 V 

n High-current capability 
° Low saturation voltage at high beta 
□ High-dissipation capability 
a Low thermal resistance 

RCA-2N5575 and 2N5578° are highrcurrent, high-power, linear regulators, power-switching circuits, series- or shunt- 
hometaxial-base silicon n-p-n transistors. They differ in regulator driver and output stages, dc-to-dc converters, in- 
maximum voltage and current ratings. verters, control circuits, and solenoid (hammer)/relay drivers. 

These power transistors are intended for a wide variety The high-current capability (100-A peak) makes these types 
of high-current, high-power linear and switching applications particularly suitable for circuit designs that now require 
such as low- to medium-frequency amplifiers, switching and several low-current types connected in parallel. 

° Formerly RCA Dev. Nos. TA7016 and TA7017, respectively. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

♦COLLECTOR-TO-BASE VOLTAGE 

*COLLECTOR-TO-EMITTER VOLTAGE: 

With base open, sustaining 

With external base-to-emitter resistance 

(Rg^) = 10 ^ & ^BE = —1.5 V 

*EMITTER-TO-BASE VOLTAGE 

♦COLLECTOR CURRENT (Continuous) 

♦COLLECTOR CURRENT (Peak) 

♦BASE CURRENT (Continuous) 

♦TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C and Vqe up to 25 V . 

At case temperatures of 100°C and Vqb of 25 V 

At case temperatures up to 25°C and Vq^ above 25 V . 
At case temperatures above 25°C and Vq£ above 25 V . 
♦TEMPERATURE RANGE: 

Operating (Junction) 

Storage 

♦PIN TEMPERATURE (During Soldering): 

At distance > 1/32 in. (0.8 mm) from case for 10 s max 

♦ In accordance with JEDEC registration data format JS-6 RDF-1 . 



2N5575 

2N5578 


v CBO 

70 

90 

V 

v CEO< sus) 

50 

70 

V 

V CEX 

70 

90 

V 

v EBO 

8 

8 

V 

■c 

80 

60 

A 


100 

80 

A 

•b 

20 

15 

A 

Pt 

300 

300 

W 


150 

150 

W 


See Fig. 1 
See Figs. 1 & 2 


-65 to 175 °C 

-65 to 200 °C 

230 °C 



12-72 


231 




2N5575, 2N5578 


File No. 359 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C Unless Otherwise Specified 




TEST CONDITIONS 

LIMITS 







IB— 

— J| 



CHARACTERISTIC 

SYMBOL 





UNITS 



V CE 

V BE 

E9 

H 

ujhu 





Collector Cutoff Current: 











With base-emitter 

'CEV 

60 

-1.5 



- 

10 

- 

- 

mA 

junction reverse - biased 

80 

-1.5 



- 

- 

- 

10 


With external base-emitter 

'CER 

50 




- 

10 

- 

- 

mA 

resistance (R BE ) = 10 SZ 

70 




- 

- 

- 

10 


With base-emitter 

’CEV 

60 

-1.5 



- 

20 

- 

- 

mA 

junction reverse-biased 

(T C = 150°C) 

80 

-1.5 



- 

- 

- 

20 


Emitter Cutoff Current 

'ebo 


-8 



- 

10 

- 

10 

mA 

Col lector-to-Emitter 

V (BR)CEO 



0.2 

0 

50 


70 

- 


Breakdown Voltage 











DC Forward Current 

h FE a 

3 


40 a 


- 

- 

10 

40 


Transfer Ratio 


4 


60 a 


10 

40 

- 

- 


Col lector-to-Emitter 











Sustaining Voltage: 

(See Figs. 5 and 6) 

With base open 

v CEO (sus) 



0.2 


50 b 


70 b 


V 

With base-emitter 
junction reverse-biased. 

V CEX (sus) 


-1.5 

0.2 


70 b 

_ 

90 b 

_ 

V 

r be =io u 










Base-to-Emitter Voltage 

V BE 3 

4 


40 3 


- 

- 

- 

2.5 

V 



4 


60 a 


_ 

3 

_ 

_ 


Collector-to-Emitter 

V q E (sat) a 



40 a 

4 

_ 

_ 

_ 

1.5 

V 

Saturation Voltage 



60 a 

6 

- 

2 

- 

- 


Base-to-Emitter 

V BE (sat) a 



40 a 

4 

- 

- 

- 

2.5 

V 

Saturation Voltage 



60 a 

6 

- 

3 

- 

- 


Output Capacitance: (Vq 0 = 1OV) 

C ob 





- 

2000 

- 

2000 

pF 

Input Capacitance 

C ,b 


-0.5 

0 


- 

4000 

- 

4000 

PF 

Magnitude of Common- 











Emitter, Small-Signal, 
Short-Circuit Forward 

Current Transfer 

Ratio ( f =0.2 MHz) 

M 

4 


10 


2 

- 

2 

- 


Saturated Switching 




40 

4 

- 

- 

_ 

10 


Time (V cc = 30 V): 











Turn-on time 

t on 



60 

6 

- 

15 

- 

- 


Turn-off time 

l OF F 



40 

4 

- 

- 

- 

10 

MS 





60 

6 

- 

15 

- 

- 


Forward-Bias 

Second-Breakdown 

's/b 

25 




12 


12 


A 

Collector Current (t = 1 s) 











a Pulsed; pulse duration < 350 jus, duty factor=0.02. 

b CAUTION: The sustaining voltages Vq^q(sus) and VcEX^ sus * MUST NOT be measured on a curve tracer. 

These sustaining voltages should be measured by means of the test circuit shown in Fig. 5. 

*ln accordance with JEDEC registration data format JS-6 RDF-1. 
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2N5575, 2N5578 


ELECTRICAL CHARACTERISTICS, A t Case Temperature (Tq) = 25PC Unless Otherwise Specified (Cont'd.) 


CHARACTERISTIC 


Second Breakdown 
Energy (With base 
reverse-biased, 

R B e =1 ° L=33 mH) 

Thermal Resistance'. 
(Junction-to-Case) 


TEST CONDITIONS 

LIMITS j 


Current 

A dc 

2N5575 

2N5578 

B 

1 

1 

'b 

Min. 

Max. 

Min. 

Max. 


-1.5 

7 


0.8 


0.8 






- 

0.5 

- 

0.5 
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Fig. 4— Maximum operating areas for both types. 


in 



Fig. 5— Circuit used to measure sustaining 
voltages Vq E q(sus) and Vq EX (sus) 
for both types. 



92CS-I5098 


NOTE: 

The sustaining Voltage Vq e q(sus)‘ 
or Vq£x( sus ) ' s acceptable when 
the trace falls to the right and 
above point "A". (For values of 
current and voltage, see Electrical 
Characteristics . ) 

Fig. 6— Oscilloscope display for measure- 
ment of sustaining voltages (test 
circuit shown in Fig. 5). 


TERMINAL CONNECTIONS 

Pin 1 — Base 
Pin 2 - Emitter 
Case — Collector 
Mounting Flange — Collector 
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File No. 359 


2N5575, 2N5578 



92CS— I5067RI 

Fig. 7— Reverse-bias second-breakdown 
characteristics for both types. 



Fig. 9— Typical dc beta characteristics for 
type 2N5578. 
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Fig. 8— Typical dc beta characteristics 
for type 2N5575. 



92CS — I5065RI 


Fig. 10— Typical output characteristics 
for type 2N5575. 



Fig. 1 1— Typical output characteristics 
for type 2N5578. 


Fig. 12— Typical transfer characteristics 
for type 2N5575. 
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Fig. 13— Typical transfer characteristics 
for type 2N5578. 



COLLECTOR-TO-EMITTER SATURATION VOLTS [v CE (sot)] 

92CS-I5062RI 


Fig. IS— Typical saturation voltage 

characteristics for type 2N5578. 



9ZCS- 13996 Rl 


Fig. 14— Typical saturation voltage 

characteristics for type 2N5575. 



Fig. 16— Circuit used to measure switch- 
ing times for both types. 



92CS- 15075 


Fig. 17— Oscilloscope display for measure- 
ment of switching times (test Fig. 18— Typical saturated switching 

circuit shown in Fig. 16). characteristics for both types. 
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File No. 383 



Solid State 
Division 


Power Transistors 

2N5671 

2N5672 


RCA Types 2N5671 and 2N5672 A are epitaxial silicon 
n-p-n transistors having high current and high power 
handling capability and fast switching speed. The 
2N5672 is similar to the 2N5671 except that it has high- 
er voltage ratings and lower leakage currents. These 
devices are especially suitable for switching-control 
amplifiers, power gates, switching regulators, power- 
switching circuits, converters, inverters, control circuits. 
Other recommended applications included DC-RF amp- 
lifiers and power oscillators. 

^Formerly Dev. Types TA7323 and TA7323A, respectively 


MAXIMUM RATINGS, Absolute-Maximum Values: 

* COLLECTOR-TO-BASE 2N5671 2N5672 

VOLTAGE, V CB0 120 150 V 

COLLECTOR-TO-EMITTER SUSTAINING 
VOLTAGE: 

With base open, Vq E q(sus) 90 120 V 

With external base-to-emitter resistance 

(R be ) ^ 50 II, V CER (sus) 110 140 V 

With external .base-to-emitter resistance 
(R be ) - 50 ft & V BE = -1.5, V CEX (sus) 120 150 V 

* EMITTER-TO-BASE VOLTAGE, V EBQ ... 7 7 V 

* COLLECTOR CURRENT, I c 30 30 A 

* BASE CURRENT, I B 10 10 A 

* TRANSISTOR DISSIPATION, P T : 

At case temperatures up to 25° C 

and V CE up to 24 V 140 140 W 

At case temperatures up to 25° C 

and V CE above 24 V See Fig. 2. 

At case temperatures above 25° C 

and V CE above 24 V See Figs.l&2. 

* TEMPERATURE RANGE: 

Storage & Operating (Junction) —65 to +200 °C 

*PIN TEMPERATURE (During Soldering) 

At distances ^ 1/32 in. from seating 

plane for 10 s max 230 °C 


*In accordance with JEDEC registration data format (JS-6, RFD 


SILICON N-P-N POWER 
TRANSISTORS 

High-Current, High-Speed 
High-Power Types 
For Switching and 
Amplifier Applications in Military, Industrial, 
and Commercial Equipment 



Features 

©Maximum Safe-Area-of-Operation Curves . . . 

l$/b limit line beginning at 24V 
© Fast Turn-On Time . . . * on = 0.5ps max. at l^= 15A 

© High-Current Capability . . . 

h FE' V CE( sat), Vgg(sat), & Vgg measured at l^= 15A 
© Low V^g(sat) = 0.75V max. 

© High Py= 140W max. at T c = 25°C 



Fig. I - Dissipation derating curves for types 
2N5671 & 2N5672 


3-69 
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2N5671, 2N5672 ; File No. 383 

ELECTRICAL CHARACTERISTICS, Case Temperature (Tq) = 25°C Unless Otherwise Specified 




TEST CONDITIONS 

LIMITS 





DC 


DC 






CHARACTERISTIC 

SYMBOL 


Voltage 


Current 

Type 

2N5671 

Type 

2N5672 

UNITS 




(V) 


(A) 








V CB 

V CE 

vbe 

•c 

>B 

Min. 

Max. 

Min. 

Max. 



•CEO 

- 

80 

- 

- 

0 

- 

10 

- 

10 

mA 

Collector-Cutoff Current 

'CEV 

■CEV 

~ 

no 

135 

100 

-1.5 

-1.5 

-1.5 

- 

- 

- 

12 

15 

- 

10 

10 

mA 

mA 

mA 


(T c =150° C) 











Emitter-Cutoff Current 

■ebo 


- 

-7 

0 

- 

- 

10 

- 

10 

mA 

Collector-to-Emitter 












Sustaining Voltage: 

(See Figs. 3,4, & 5) 

With base open 

VCE0< SUS ) 

— 

~ 

~ 

0.2 

0 

90° 


120° 

' 

V 

With external base-to-emitter 
resistance (R BE ) ^50 Q 

Vcer( sus ) 

- 

- 

- 

0.2 

0 

110° 

- 

140° 

- 

V 

With base-emitter 












junction reverse biased 
&R BE ^50fl 

V CEX< SUS ) 

~ 

- 

-1.5 

0.2 

- 

120° 

- 

150° 

- 

V 

Base-to-Emitter Saturation Voltage 

Vg^fsat) 


- 

- 

15 

1.2 


1.5 

- 

1.5 

V 

Base-to-Emitter Voltage 

Vbe 


5 

- 

15 

- 

- 

1.6 

- 

1.6 

V 

Collector-to-Emitter 

V CE (saf) 




15 

1.2 


0.75 


0.75 


Saturation Voltage 

“ 


— 

~ 

~ 

V 

DC Forward-Current 


- 

2 

- 

15 

- 

20 

100 

20 

100 


Transfer Ratio 

"FE 

- 

5 

- 

20 


20 

- 

20 

- 


Second-Breakdown 



24 






5.8 C 



Collector Current c 

>S/b b 

- 

- 

- 

- 

5.8 C 

- 

- 

A 

With base forward biased 

~ 

45 

- 

— 

- 

0.9° 

— 

0.9 6 

“ 

A 

Second- Breakdown Energy 












With base reverse biased 

R BE “ 20 n, L = 180 /xH 

Es/b d 


- 

-4 

15 

- 

20 

- 

20 

- 

mj 

Gain-Bandwidth Product 

't 


10 

- 

2 

- 

50 

- 

50 

- 

MHz 

Output Capacitance (At 1 MHz,Ie=o) 

^ob 

10 

- 

- 

- 

- 

- 

900 

- 

900 

PF 

Saturated Switching Turn-On Time 
(Delay Time + Rise Time) 

*on 

Vcc= 

30 V 

- 

- 

15 

u n 

— ' CNl 
CD CO 

- 

0.5 

- 

0.5 

MS 







1.2 






Saturated Switching 


Vcc= 

30 V. 



15 

'Bp 


1.5 


1.5 

MS 

Storage Time 

















1.2 
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File No. 383 2N5671, 2N5672 

ELECTRICAL CHARACTERISTICS, Case Temperature (T q) = 25°C Unless Otherwise Specified (Cont'd.) 




TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 

SYMBOL 

DC 

Voltage 

(V) 

DC 

Current 

(A) 

Type 

2N5671 

Type 

2N5672 

UNITS 



V CB 

V CE 

Vbe 

! C 

*B 

Min. 

Max. 

Min. 

Max. 


Saturated Switching 

Fall Time 

If 

V CC = 
30 V 

- 

- 

15 

'Bl- 

'Br 

1.2 

- 

0.5 

- 

0.5 


Thermal Resistance 
(Junction-to-Case) 

9 i-C 


40 

- 

0.5 


- 

1.25 

- 

1.25 

°c/w 


a Pulsed; pulse duration < 350 /us, duty factor=0.02. 

^CAUTION: The sustaining voltages Vq|=q(sus) and V^g^(sus) MUST NOT be measured on a curve tracer. 

These sustaining voltages should be measured by means of the test circuit shown in Fig. 5. 

*S/b is defined as the current at which second breakdown occurs at a specified collector voltage with the emitter-base junction 
forward-biased for transistor operation in the active region. 
d Pulsed; 1-s, non-repetitive pulse. 

^S/b is defined as the energy at which second breakdown occurs under specified reverse-bias conditions. Eg/|_ ) =1 /2L_ 1^ 
where L is a series load or leakage inductance and I is the peak collector current. 

*ln accordance with JEDEC registration data format JS-6 RDF-1. 



C0LLECT0R-T0- EMITTER VOLTS (V CE ) - 92CS-I5650 

Fig.2 - Maximum operating areas for types 2N5671 & 2N5672 
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2N5671, 2N5672 


File No. 383 



L = 15mH(V CEO ( 5U s)8. V CER (sus) 
L = 2mH (Vcex< sus ) 



92CS-I5224 

NOTE: The sustaining Voltages Vq E q(sus), Vq ER (sus) or, V CEX (sus) 
are acceptable when the trace falls to the right and above point "A". 


NOTE: Relo, vibrates 60 times per second. 


92CS-I5227RI 


(For values of current and voltage, see Electrical Characteristics.) 


Fig. 3 - Circuit used to measure sustaining voltages 

V C£0^ SUS ^' ^CER^ SUS ^' & ^CEX^ SUS ^ * or types 
2N5671 & 2N5672 


Fig. 4 - Oscilloscope display for measurement of 
sustaining voltages for types 2N5671 & 2N5672 
(Test circuit shown in Fig. 3.) 



Fig. 5 - Cof/ector-to-emitter sustaining voltage 
characteristics for types 2N5671 & 2N5672 



BASE-TO-EMITTER VOLTS (V BE > 92CS-I2438 

Fig. 6 - Typical input characteristics for types 
2N5671 & 2N5672 



Fig. 7 - Typical DC beta characteristics for types Fig. 8 - Typical output characteristics for types 

2N5671 & 2N5672 2N5671 & 2N5672 
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2N5671, 2N5672 


[ COLLECTOR- TO-EMITTER VOLTS (V C E>»3 Eg 


- 10 CASE TEMPERATURE {T C ) = 25°C [ 
6 BASE-SUPPLY VOLTS IV bb ) = -4 | 
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—INDUCTANCE (L) = I50u H _1 


BASE— TO-EMITTER VOLTS (V BE ) 92CS-I244 

Fig. - 9 Typical transfer characteristics for types 
2N5671 & 2N5672 




SERIES BASE RESISTANCE (R B ) — Si 

9 HCS - 15651 

Fig. 10 - Maximum reverse-bias, second-breakdown 
characteristics for types 2N5671 & 2N5672 


CASE TEMPERATURE (T C )=25'C 
SERIES BASE RESISTANCE (R B ) = 20fl 




INDUCT ANCE,.(Ll-r^ H 


2 3 4 5 6 7 

COLLECTOR AMPERES (Iq) 


Fig. IT - Maximum reverse-bias, second-breakdown 
characteristics for types 2N5671 <£ 2N5672 


Fig. 12 - Typical saturated switching characteristics fo 
types 2N5671 & 2N5672 


TERMINAL CONNECTIONS 

Pin 1 — Base 
Pin 2 — Emitter 
Case — Collector 
Mounting Flange — Collector 





File No. 413 



Solid State 
Division 


Power Transistors 

2N5781 2N5782 2N5783 
2N5784 2N5785 2N5786 



Silicon N-P-N and P-N-P Epitaxial-Base 
Complementary-Symmetry T ransistors 

General-Purpose Types for Switching and 
Linear-Amplifier Applications 

Features: 

■ Low saturation voltages 

■ Maximum safe-area-of-operation curves 

■ Hermetically sealed package 

■ High gain at high current 

■ High breakdown voltages 


These devices are available with either VA- 
inch leads (TO-5 package) or %-inch leads 
(TO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num- 
ber; the shorter-lead versions are specified by 
suffix "S'* after the type number. 


RCA-2N5781, 2N5782, and 2N5783 are epitaxial-base silicon 
p-n-p transistors - - complements of the hometaxial-base silicon 
n-p-n types 2N5784, 2N5785, and 2N5786 * respectively. 

The three types in each family differ primarily in voltage ratings 
and saturation characteristics. 


These transistors are intended for medium-power switching and 
complementary-symmetry audio amplifier applications. 


• Formerly RCA Dev. Types TA7270, TA7271, TA7272, TA7289, 
TA7290, and TA7291 respectively. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


♦COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 
* With external base-to-emitter 

resistance (R BE ) = 100 n 

With base open 

♦EMITTER-TO-BASE VOLTAGE 

♦CONTINUOUS COLLECTOR CURRENT 


♦CONTINUOUS BASE CURRENT 

♦TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At ambient temperatures up to 25°C 

At case temperatures above 25°C Derate linearly 

At ambient temperatures above 25 C Derate linearly 

♦TEMPERATURE RANGE: 

Storage and operating (Junction) 


♦LEAD TEMPERATURE (During soldering): 

At distance ^ 1/32 in. (0.8 mm) from seating plane 

for 10 s max. 

♦In accordance with JEDEC registration data format JS-6 RDF-2. 



P-N-P 

2N5781* 

2N5782* 

2N5783* 


V CBO 

N-P-N 

2N5784 

80 

2N5785 

65 

2N5786 

45 

V 

V C erIsu s ) 


80 

65 

45 

V 

v CEol sus * 


65 

50 

40 

V 

V EBO 


5 

5 

3.5 

V 

! C 


3.5 

3.5 

3.5 

A 

‘b 


1 

1 

1 

A 

P T 


10 10 10 

1 1 1 

0.057 W/°C, or see Fig. 7. 

0.0057 

-65 to +200 

W 

W 

W/°C 

°C 


230 °C 

♦ For p-n-p devices, voltage and current values are negative. 
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2N5781 — 2N5786. 


File No. 413 


ELECTRICAL CHARACTERISTICS, At Case Temperature ( Tq ) = 25° C unless otherwise specified 


CHARACTERISTIC 


TEST CONDITIONS 4 | 

LIMITS j 

UNITS 

SYMBOL 

VOLTAGE 

Vdc 

CURRENT 

A dc 

2N5781 

p-n-p 

2N5784 

n-p-n 

< 

o 

m 

< 

CO 

m 

•c 

B 

Min. 

Max. 

Min. 

Max. 

Collector Cutoff Current: 

With external base-to-emitter 
resistance (Rb E ) = 100 £2 

'CER 

65 




- 

-10 

- 

10 

JUA 

At T c = 150°C 

65 




- 

-1 

- 

1 

mA 

With base-emitter junction reverse- 
biased and external base-to-emitter 
resistance (Rb E ) = 100 £2 

‘CEX 

-75 

75 

in in 

*" T 



: 

-10 

: 

10 

juA 

At T c = 150°C 

-75 

75 

1.5 

-1.5 



- 

-1 


1 

mA 

With base open 





0 



" 


pA 

Emitter Cutoff Current 

•ebo 


-5 

0 


- 

-10 




DC Forward-Current Transfer 

Ratio 

hFE 

■ 



■ 


100 

E3 

Q 

■ 

Collector-to-Emitter Sustaining 
Voltage (see Figs, 2 and 3): 

With base open 

v CEO< sus ) 

■ 

■ 


I 


■ 

H 

- 

V 

With external base-to-emitter 
resistance (Rbe) = 100 12 

v cer( sus ) 



0.1 a 


— 80 b 


m 

■ 

Base-to-Emitter Voltage 

V BE 

2 


1 a 


- 

m 

- 


BD 

Collector-to-Emitter Saturation 
.[Voltage (measured 0.25 in 
(6.35 mm) from case) 0 

V CE (sat) 



1 a 

0.1 

■ 


■ 


■ 

Magnitude of Common-Emitter, 
Small-Signal, Short-Circuit, 
Forward-Current Transfer Ratio 1 * 
f = 4 MHz 

l b fe| 

-2 

1 


1 

1 


i 

1 

1 

f = 200 kHz 

2 



■ 





Common-Emitter, Small-Signal, 
Short-Circuit, Forward-Current 
Transfer Ratio (f = 1 kHz) 

b fe 

2 

■ 

D 

1 

■ 

■ 


B 

■ 

Saturated Switching Time (Vqq = 

30 V, l B i = 1 B2^ : 

Turn-on (t d + t r ) 

on 

1 

■ 

■ 

i 

■ 


■ 

5 

JUS 



■ 

■ 

■ 

i 

■ 

1 

■ 

15 


Thermal Resistance: 

Junction-to-case 

on 

■ 




- 

17.5 

- 

17.5 



r 0JA 





- 

mm 


mm 



* In accordance with JEDEC registration data format JS-6 RDF-2. 
a Pulsed, pulse duration = 300 /is, duty factor = 1.8% 

b CAUTION: Sustaining voltages Vq^q(sus), and Vqer(sus) 
MUST NOT be measured on a curve tracer. 


4 For p-n-p devices, voltage and current values are 
negative. 

c Lead resistance is critical in this test. 

4 Measured at a frequency where | hf e J is decreasing 
at approximately 6 dB per octave. _ 






























2N5781 — 2N5786 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C unless otherwise specified 


.File No. 413 


CHARACTERISTIC 

SYMBOL 

Collector Cutoff Current: 

With external base-to-emitter 
resistance (R BB ) = 100 12 

! CER 

At T c = 1 50°C 



TEST CONDITIONS 


With base-emitter junction reverse- 
biased and external base-to-emitter 
resistance (Rgg) = 100 12 

At T c = 150°C 


With base open 


Emitter Cutoff Current 



With external base-to-emitter 
resistance (R BB ) = fa)0 12 


Base-to-Emitter Voltage 


Col lectomo- Emitter Saturation 
Voltage (measured 0.25 in 
(6.35 mm) from case) 0 


Magnitude of Common-Emitter, 
Small-Signal, Short-Circuit, 
Forward-Current Transfer Ratio** 

f = 4 MHz 

f = 200 kHz 


* Common-Emitter, Small-Signal, 
Short-Circuit, Forward-Current 
Transfer Ratio (f = 1 kHz) 


Saturated Switching Time (Vqq = 
30 V, l B i = l B2 ): 

Turn-on 

(t d +t r i 


Turn-off 
<t s + tf) 


Thermal Resistance: 
Junction-to-case 


Junction-to-ambient 


* In accordance with JEDEC registration data format JS-6 RDF-2. 
a Pulsed, pulse duration = 300 /is, duty factor = 1 .8%. 
b CAUTION: Sustaining voltages Vq^q(sus), and Vqer(sus) 
MUST NOT be measured on a curve tracer. 



MIHII B il j 

bhhibeibbH 



9 For p-n-p devices, voltage and current values are 
negative. 

c Lead resistance is critical in this test, 
d Measured at a frequency where |hf e | is decreasing 
at approximately 6 dB per octave. 
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2N5781— 2N5786 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C unless otherwise specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 4 

LIMITS 

UNITS 

VOLTAGE 

Vdc 

CURRENT 

Adc 

2N5783 

p-n-p 

2N5786 

n-p-n 

< 

o 

m 

V BE 

■c 

'B 

Min. 

Max. 

Min. 

Max. 

Collector Cutoff Current: 

With external base-to-emitter 
resistance (Rg^) = 100 CL 

*CER 

40 




- 

-10 

- 

10 

pA 

At T c = 150°C 

40. 




- 

-1 

- 

1 

mA 

With base-emitter junction reverse- 
biased and external base-to-emitter 
resistance (Rg^) = 100 £2 

'CEX 

-45 

45 

1.5 

-1.5 



- 

-10 


10 

juA 

At T c = 150°C 

-45 

45 

1.5 

-1.5 



- 

-1 

- 

1 

mA 

With base open 

'CEO 

25 



0 

- 

-100 

- 

100 

juA 

Emitter Cutoff Current 

■ebo 


-3.5 

0 


- 

-10 

- 

10 

juA 

DC Forward-Current Transfer 

Ratio 

in 

LL 

.C 

2 

2 


1.6 a 

3.2 a 


20 

4 

100 

20 

4 

100 


Co Hector -to- Emitter Sustaining 
Voltage (see Figs. 2 and 3): 

With base open 

v CEO( sus) 



0.1 a 

0 

— 40 b 

- 

40 b 

_ 

V 

With external base-to-emitter 
resistance (Rg|=) = TOO £2 

V C er(sus) 



0.1 a 


— 45 b 

- 

45 b 


Base-to-Emitter Voltage 

V BE 

2 


1.6 a 


- 

-1.5 

- 

1.5 

V 

Collector-to-Emitter 

Saturation Voltage (measured 

0.25 in (6.35 mm) from case) 0 

VQ^(sat) 



1.6 a 

3.2 a 

0.16 

0.8 

- 

-1 

-2 

- 

1 

2 

V 

Magnitude of Common-Emitter, 
Small-Signal, Short-Circuit, 
Forward-Current. Transfer Ratio* ** 
f = 4 MHz 

l h fe| 

-2 


-0.1 


2 

15 




f = 200 kHz 

2 


0.1 


- 

- 

5 

20 

Common-Emitter, Small-Signal, 
Short-Circuit, Forward-Current 
Transfer Ratio (f = 1 kHz) 

b fe 

2 


0.1 


25 

- 

25 



Saturated Switching Time (Vqq = 

30 V, l B1 = l B2 ): 

Turn-on 
(t d + t r ) 

x ON 



-1 

1 

-0.1 

0.1 

- 

0.5 

- 

5 

jus 

Turn-off 

<t s +t f ) 

t OFF 



-1 

1 

1 

o o 

_ 

2.5 

_ 

15 

Thermal Resistance •• 

Junction-to-case 

R 0JC 






17.5 

- 

17.5 

°C/W 

Junction-to-ambient 

R 0JA 





- 

175 

- 

175 


* In accordance with JEDEC registration data format JS-6 RDF-2. 
a Pulsed, pulse duration = 300 jus, duty factor = 1.8%. 

b CAUTION: Sustaining voltages Vq^q(sus), and Vq^r(sus) 
MUST NOT be measured on a curve tracer. 


4 For p-n-p devices, voltage and current values are negative. 
c Lead resistance is critical in this test. 
d Measured at a frequency where |hf e | is decreasing at 
approximately 6 dB per octave. 
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Fig. 1 — Maximum operating areas for types 2N5781, 2N5782, and 2N5783. 



* FOR P-N-P TYPES 2N5781, 2N5782, & 2N5783, 
REVERSE POLARITY OF V cc . 



*FOR TYPES 2N5781, 2N5782, AND 2N5783, THE 
VALUES FOR lc AND Vce ARE NEGATIVE. 


The sustaining voltages V^^o( sus ) an< ^ V£IEr(sus) are 
acceptable when the trace fails to the right and above 

point “A” (2N5783 & 2N5786), “B” (2N5782 & 2N5785), 
or “C” (2N5781 8. 2N5784). 


Fig. 2 — Circuit used to measure sustaining voltages Vq^q(sus) 
and VQEft(sus). 


Fig. 3 — Oscilloscope display for measurement of sustaining voltages. 
(Test circuit shown in Fig. 2). 
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Fig. 4 - Maximum operating areas for types 2N5784, 2N5785, and 2N5786. 


V B B* + 3V V cc =-30V 



2kHz) 


* ADJUST R b FOR l B2 AND R C FOR l C 

%, AND l B , MEASURED WITH TEKTRONIX CURRENT PROBE 

P6019 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 
**For N-P-N types 2N5784, 2N5785, 81 2N5786, reverse direction of 
l B ^ ond l B 2 ond reverse polarity of V BB and Vqq. 

92CS- I56I8RI 

Fig. 5 — Circuit used to measure saturated switching times. 



92CS-I56I9 

Fig. 6 — Oscilloscope display for measurement of switching times. 
(Test circuit shown in Fig. 5). 
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EFFECTIVE CASE TEMPERATURE OR CASE TEMPERATURE (T EFF ) OR (Tc) - °C 

92SS-3861RZ 


Fig. 7 — Dissipation derating curve for all types. 


TERMINAL CONNECTIONS 

Lead 1 — Emitter 
Lead 2 — Base 
Lead 3 — Collector 
Case — Collector 



COLLECTOR CURRENT (l C ) - A 


Fig. 8 -Typical saturated switching characteristics for 
types 2NS784, 2N5785, & 2N5786. 


GAIN-BANDWIDTH PRODUCT <f T )-MHi 

COLLECTOR-TO-EMITTER VOLTAGE (V CE ) = 2V 
CASE TEMPERATURE (T C ) ■= 25°C 
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COLLECTOR CURRENT d C ) - "A 


Fig. 10 - Typical gain-bandwidth product for types 2N5784, 
2N5785, & 2N5786. 



COLLECTOR CURRENT (l C )- A 


Fig. 9-Typical saturated switching characteristics for 
types 2N5781, 2N5782, & 2N5783. 
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COLLECTOR-TO-EMITTER VOLTAGE (V CE )= -2V 
CASE TEMPERATURE (T C ) * 25°C 





























H 

U 

Q 

O 

£ 10 
jE 8 
o 

* 6 
o 

CQ 

O 

2 

LSL 






_ . 
























































- 10 2 4 6 8 - 100 2 4 * 8 _ 10 00 


COLLECTOR CURRENT (l C ) -mA 92SS M13 

Fig. 11 - Typical gain-bandwidth product for types 2N5781, 
2N5782, & 2N5783. 
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BASE-TO-EMITTER VOLTAGE (V BE ) - V 

S2SS43U 

Fig. 12- Reverse-bias second-breakdown characteristics 
for types 2N5784, 2N5785 , & 2N5786. 
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BASE-TO-EMITTER VOLTAGE ( V BE ) - V 92SS .„ 16 

Fig. 14- Typical transfer characteristics for types 2N5784, 
2N5785 , & 2N5786. 



Fig. 13 - Reverse-bias second-breakdown characteri sties 
for types 2N5781 , 2N5782, & 2N5783. 
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Fig. 15- Typical transfer characteristics for types 2N5781 
2N5782, & 2N5783. 
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Fig. 16 - Typical transfer characteristics for types 2N5784, 
2N5785, & 2N5786. 



Fig. 17- Typical transfer characteristics for types 2N5781, 
2N5782, 2N5783. 
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C FORWARD-CURRENT TRANSFER RATIO (h FE ) 






COLLECTOR CURRENT (l C )- A COLLECTOR CURRENT (!<;) - 



COLLECTOR- TO-ENITTER VOLTAGE (V CE >- V 


COLLECTOR -TO-EMITTER VOLTAGE (V CE )-V 


Fig. 28 - Typical output characteristics for type 2N5786. Fig. 29- Typical output characteristics for type 2N5783. 
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□UCM] 

Power Transistors 

Solid State 

Division 

2N5804 


2N5805 


High-Voltage, High-Power 
Silicon N-P-N Power Transistors 

For Switching and Amplifier Applications 

Features: 

° Power dissipation (Pj) = 110 W at 50 V 
n High-voltage ratings: 

V CE0 (sus) = 300 V max. (2N5805) 

= 225 V max. (2N5804) 

a Maximum-operating-area curves. .for selection of 
maximum operating conditions for operation free 
from second breakdown. 

RCA types 2N5804 and 2N5805** are silicon n-p-n transistors 
with high breakdown-voltage ratings and fast switching speeds. 

Both devices employ the popular TO-3 package; they differ in 
breakdown-voltage ratings and leakage-current values. 

These transistors are especially suitable for power-switching 
circuits, switching regulators, converters, inverters, and 
power amplifiers. 

‘•Formerly RCA Dev. Nos. TA7130 and TA71 30A, respectively. 


TERMINAL CONNECTIONS 

Pin 1 — Base 

Pin 2 — Emitter 

Case — Collector 

Mounting Flange — Collector 



MAXIMUM RATINGS, Absolute-Maximum Values: 

*COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 
With 1.5 volts (Vg E ) of reverse bias, and external 

base-to-emitter resistance (R BE ) = 50£2 

With base open 

'EMITTER-TO-BASE VOLTAGE 

'CONTINUOUS COLLECTOR CURRENT 

PEAK COLLECTOR CURRENT 

'CONTINUOUS BASE CURRENT 

'TRANSISTOR DISSIPATION: 

At case temperatures up to 25° C and Vq E up to 50 V . 
At case temperatures up to 25° C and V CE above 50 V . 
At case temperatures above 25° C and Vq E above 50 V 
'TEMPERATURE RANGE: 

Storage & Operating (Junction) 

'PIN TEMPERATURE (During Soldering): 

At distances > 1/32 in. (0.8 mm) from 

seating plane for 10 s max 

‘In accordance with JEDEC registration 
data format (JS-6 RDF-1 ) 


2N5804 2N5805 

V CB0 300 375 V 

V CEX< SUS > 300 375 v 

V CE0 (sus) 225 300 V 

v EBO 6 6 V 

l c 5 5 A 

•CM 15 15 A 

• B 2 2 A 

P T 

110 110 W 

See Fig. 1 
See Figs. 1 & 3 

-65 to +200 °C 

+230 °C 


11-73 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25°C Unless Otherwise Specified 


CHARACTERISTIC 


TEST CONDITIONS 

LIMITS 

UNITS 

SYMBOL 

VOLTAGE 

V dc 

CURRENT 

A dc 

2N5804 

2N5805 

V C E 

V B E 

•c 

'b 

MIN. 

MAX. 

MIN. 

MAX. 

Collector-Cutoff Current: 

With base open 

'CEO 

150 



0 

- 

15 

- 

5 

mA 

With base-emitter 
junction reverse biased 

'CEV 

270 

340 

-1.5 

-1.5 



~ 

5 

- 

5 

mA 

At To = 100°C 

270 

340 

-1.5 

-1.5 



_ 

15 

- 

15 

mA 

Emitter-Cutoff Current 

'ebo 


-6 

-5 

0 

0 


- 

30 

5 

- 

30 

5 

mA 

DC Forward-Current 

Transfer Ratio 

h FE 

10 

4 


0.5 a 

5 a 


25 

10 

250 

100 

25 

10 

250 

100 


Collector-to-Emitter 

Sustaining Voltage: 

(See Fig. 5, 6, and 7) 

With base open 

v CEO (sus) 



0.2 

0 

225 b 

- 

300 b 

- 

V 

With external base-to- 
emitter resistance 
(R BE ) = 50 12 

V CEX< SUS > 


-1.5 

0.2 C 

0 

300 b 

- 

375 b 

- 

V 

Emitter-to-Base Voltage 

v EBO 




0.03 

6 

- 

6 

- 

V 

Base-to-Emitter Saturation Voltage 

V BE (sat) 



5 a 

0.5 

- 

2 

- 

2 

V 

Collector-to-Emitter 

Saturation Voltage 

V CE (sat) 



5 a 

0.5 

- 

2 

- 

2 

V 

Output Capacitance 

Vcb = 10 V,f = 1 MHz 

^obo 





- 

450 

- 

450 

dF 

Forward-Bias, Second-Breakdown 

Collector Current: 
t = 1 s, nonrepetitive 

's/b 

50 




2.2 

- 

2.2 

- 

A 

Second-Breakdown Energy 

With base reverse biased 

R b = 20 12, L = 50/iH 

E S/b 


-4 

5 


0.62 

- 

0.62 

- 

mJ 

Magnitude of Common-Emitter, 

Small-Signal, Short-Circuit, 
Forward-Current Transfer Ratio 
f = 5 MHz 

h fe 

10 


1 


3 

- 

3 

- 


Saturated Switching Time (Vqc ” 200 V): 
Turn-On 

(Delay Time + Rise Time) 

* ON 



5 

0.5 

- 

0.5 

- 

0.5 

Ms 

Storage 

(See Figs. 12, 13 and 14) 

*s 



5 

0.5 

- 

3.5 

- 

3.5 

MS 

Fall 

(See Figs. 12. 13 and 16) 

tf 



5 

0.5 

- 

2.0 

- 

2.0 

Ms 

Thermal Resistance : 

(Junction-to-Case) 

R 0JC 

10 


5 


- 

1.6 

- 

1.6 

°C/W 


a Pulsed; pulse duration < 350 ps, duty factor = 2% 

^CAUTION: The sustaining voltages V CE q(sus) and V CEX (sus) MUST NOT be measured on a curve tracer. 

These sustaining voltages should be measured by means of the test circuit shown in Fig. 6. 
c Pulsed: pulse duration = 8.33 ms; duty factor = 50% 

*ln accordance with JEOEC registration data format ( JS-6 RDF-1). 

••Specified in JEDEC registration data as a derating factor of 0.625 W/°C. 
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PERCENTAGE OF MAXIMUM DISSIPATION AT T C =25°C OR 






2N5804, 2N5805 
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EXTERNAL BASE-TO-EMITTER RESISTANCE (R BE ) — ft 

92SS-3958RI 


Fig. 5-CoUector-to-emitter sustaining voltage 
characteristics. 


CLARE 

MERCURY RELAY 



Fig. 6— Circuit used to measure sustaining 
voltages Vqeq(sus) and Vqex^ sus ^‘ 


I 



NOTE : SUSTAINING VOLTAGES V C EO Isus) AND VcEX lsus) ARE 
ACCEPTABLE WHEN TRACES FALL TO THE RIGHT OF 
POINT"A" FOR TYPE 2N5804 AND POINT 
"8" FOR TYPE 2N 5805, AT I c = 200 mA. 


92SS-3965FU 



Fig. 7— Oscilloscope display for measurement 
of sustaining voltages ( test circuit 
shown in Fig. 6). 


Fig. 8— Typical dc beta characteristics. 
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Fig. 9— Typical saturation- voltage character- 
istics. 


Fig. 10— Typical transfer characteristics. 




File No. 407. 


2N5804, 2N5805 



92SS-3962RI 

Fig. 1 1 —Typical gain-bandwidth product. 



92SS-3966RI 

Fig. 12— Circuit used to measure switching 
times. 



Fig. 13— Phase relationship between input and 
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CASE TEMPERATURE (T~ ) = r 
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output currents showing reference Fig. 14-Typical storage-time characteristic, 

points for specification of switching 
times (test circuit shown in Fig. 12). 
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__ 











— 


__ 




— 






tn 



IT 

c» 

2 

5" 








i: 




i:: 




_ 












i; 






















- 










— 











_ 



_ 










— 














* 










— 











r 
























1. 
































lit 
















































:n 






“ 


















:iz 




in 


I 

















:i; 

::: 




in 


I 









II 



:i 


II 



::: 

::i 




in 


- 








__ 

:= 



- - 





— 

— 




— 


I 


II 






ii 




i _ 





I_ ’ 





— 









— 

-- 




-- 





— 

— 


— 

— 

— 











T~ 





~1 



I . 

nm 


r 

nn 

1 



0 12 3 4 5 6 7 

COLLECTOR CURRENT ll c ) — A 

92CS-I3895 



PULSE DURATION >20 m s 

REPETITION RATE = 1000 PULSE /s 
COLLECTOR SUPPLY VOLTAGE (V cc );200\ 
IB| *IB 2 *IC/IO 

CASE TEMPERATURE (T C ) = 25°C 
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COLLECTOR CURRENT ll c ) — A 

92CS-I5896 


Fig. 15— Typical rise-time characteristic. 


Fig. 16-Typicai fall-time characteristic. 
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File No. 410 


□UCBZ/D 

Solid State 
Division 


Power Transistors 

2N5838 

2N5839 

2N5840 


RCA 2N5838, 2N5839and 2N5840* ** are epitaxial silicon 
n-p-n power transistors utilizing a multiple-emitter-site 
structure. These devices employ the popular JEDEC 
TO-3 package; they differ mainly in voltage, current- 
gain, and Vcjr(sat) ratings. 

Featuring high breakdown voltage ratings and low-satu- 
ration voltage values, the 2N5838, 2N5839 and 2N5840 
are especially suitable for use in inverters, deflection 
circuits, switching regulators, high-voltage bridge ampli- 
fiers, ignition circuits, and other high-voltage switching 
applications. 

** Formerly RCA Dev. types TA7513, TA7530, and TA7420 
respectively. 


MAXIMUM RATINGS, Absolute-Maximum Values : 

2N5838 2N5839 2N5840 

*COLLECTOR-TO-BASE 

VOLTAGE, V CBO 275 300 375 V 

COLLECTOR-TO-EMITTER SUS- 
TAINING VOLTAGE: 

With base open, VcEO( sus ) 

With reverse bias (V B e) of 

-1.5 V, Vcev( sus ) a 

With external base-to-emitter 
resistance (R B e) — 50 Q, 

V CER( SUS ) 

*EMITTER-TO-BASE 
VOLTAGE, V EBO 

Collector current, ic 

Continuous 

Peak 

^CONTINUOUS BASE CURRENT, 

IB 

^TRANSISTOR DISSIPATION, 

Pt: 

At case temperature up to 25° C 

and V(^ E up to 40 V 

At case temperatures up to 2 5° C 

and Vq E above 40 V 

At case temperatures above 25° C 

and Vce above 40 V 

^TEMPERATURE RANGE: 

Storage & Operating (Junction) 

*PIN TEMPERATURE (During 
Soldering): 

At distances > 1/32 in. 

(0.8 mm) from case for 10 s 
max 

* In accordance with JEDEC registration data format (JS-6, RDF-1). 

Shown as Vcex( sus ) in JEDEC Registration Data. 


250 

275 

350 

V 

275 

300 

375 

V 

275 

300 

375 

V 

6 

6 

6 

V 

3 

3 

3 

A 

5 

5 

5 

A 

1.5 

1.5 

1.5 

A 

100 

100 

100 

W 


See Fig. 2. 

See Figs. 1 & 2. 

65 to +200 °C 


230 °C 


SILICON N-P-N POWER 
TRANSISTORS 

High-Voltage 
High-Power Types 
For Switching and 
Linear Applications in Military, Industrial, 
and Commercial Equipment 



Features: 

• Maximum safe-area-of-operation curves 

• Low saturation voltages 

• High voltage ratings 

V CER( S0S )= 375 V(2N5840) 

300 V (2N5839) 
275 V (2N5838) 

• High dissipation rating 

P T =100W 



CASE TEMPERATURE (T c ) »C 


92SS-4072RI 


Fig. 1 - Derating curves for all types. 
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File No. 410 


2N5838-2N5840 


ELECTRICAL CHARACTERISTICS, Case Temperature (T c )= 25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

V dc 

CURRENT 

A dc 

2N5838 

2N5839 

2N5840 

V CE 

VbE 

■c 

•b 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Collector-Cutoff Current: 

With base open 

'CEO 

200 

250 





2 


2 


2 

mA 

With base-emitter junction 

reverse biased 

( CEV 

265 

290 

360 

-1.5 

-1.5 

-1.5 




5 


2 


2 

mA 

With base-emitter junction 
reverse biased, Tc=100°C 

'CEV 

T c 100 °C 

265 

290 

360 

•1.5 

-1.5 

-1.5 




8 


5 


5 . 

mA 

Emitter-Cutoff Current 

'ebo 


-6 




1 


1 


1 

mA 

Collector-to-Emitter 

Sustaining Voltage: 

(Sec Firs. 4. 5. & (i) 

With base open 

v CE0 (sus P 



0.2 a 


' 250 b 


275 b 


35 0 b 


V 

With base-emitter junction 
reverse biased 

V CEX (susf 


-1.5 

0.1 a 


275 b 


300 b 


375 b 


With external base-to-emitter 
resistance (R ) - 50 ft 

V CER (SUS P 



0.2 a 


275 b 


300 b 


375 b 


Emitter-to-Base Voltage 
l E = 0.02 A 

V EB0 





6 


6 


6 


V 

DC Forward-Current 

Transfer Ratio 

h FE 

5 

3 

2 


0.5 a 

2 a 

3 a 


20 

8 

40 

20 

10 

50 

20 

10 

50 


Base-to-Emitter 

Saturation Voltage 

V gfftsat) 



2 a 

3 a 

0.2 

0.375 


2 


2 


2 

V 

Collector-to-Emitter 

Saturation Voltage 

V c E ( sat ) 



2 a 

3 a 

0.2 

0.375 


1 


1.5 


1.5 

V 

Output Capacitance : 

Vcb = 10 V, f = 1 MHz 

^obo 






150 


150 


150 

PF 

Magnitude of Common- 
Emitter, Small-Signal, Short- 
Circuit, Forward-Current 
Transfer Ratio (f - 1 MHz) 

M 

10 


0.2 


5 


5 


5 



Forward-Bias, 
Second-Breakdown 
Collector Current: 
t = 1 s, nonrepet'tive 

>Sb c 

40 




2.5 


2.5 


2.5 


A 

Second Breakdown 0 Energy 
(With base reverse biased) 

R b = 50 ft, L = 100 m H 

E S 'b d 


-4 



0.45 


0.45 


0.45 


mj 

Thermal Resistance l 
(Junction-to-Case) 

R 0JC 

10 


5 ' 



1-75 


1.75 


1.75 

°C/W 


* In accordance with JEDEC registration data format (JS-6 RDF-1) 
a Pulsed; pulse duration = 350 ps, Duty tactor^ 2%. 

b CAUTION: Ths sustaining voltages Vceo(sus), Vcex( sus ) and 
VcER(sus), MUST NOT be measured on a curve tracer. These 
sustaining voltages should be measured by means of the test circuit 
shown in Fig. 4. 

c IS /b is defined as the current at which second breakdown occurs at 
a specified collector voltage with the emitter-base junction forward 
biased for transistor operation in the active region. 


^ E$/b is defined as the energy at which second breakdown occurs 
under specified reverse bias conditions. Es/b = 1/2 LI 2 where L 
is a series load or leakage inductance, and I is the peak collector 
current. 

6 *B| = *B2 = va,ue shown. 
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2N5838-2N5840 File No. 410 


SWITCHING-TIME CHARACTERISTICS, At Case Temperature (Tq) = 25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 
V dc 

CURRENT 
A dc 

2N5838 

2N5839 

2N5840 

Vcc 

■c 

■b* 

Max. 

Typ. 


QQ 


Typ. 

Switching Times: 





| 



M 

■i 


■■ 

Delay 



2 

0.2 






0.07 

■ ■ 

(See Figs. 11, 15. & 16) 


200 

3 

0.375 


0.06 

■ 

1 




Rise 



2 

0.2 

H 

■ 



1.75 

0.6 

1 

fSec Figs. 12, 15, & 16) 

l r 


3 





■ 



B 

Storage 

L 


m 


S 


3.75 

1KH 

KOI 

IBM 

(See Figs. 13, 15, & 16) 

l s 

200 

H 





nn 

HI 

HU 

1 

Fall 



2 



wm 

1.5 

0.35 

1.5 

0.35 

Ml 

( See Figs. 14, 15. & 16) 

l f 

200 

3 



EH 





■ 


* in accordance with JEDEC registration data format (JS-6 RDF-1). • |g| = | g 2 = value shown. 
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COLLECTOR CURRENT II 


File No. 410 


2N5838-2N5840 


2 CASE TEMPERATURE (T r ) = IOO°C 



COLLECTOR-TO-EMITTER VOLTAGE IV CE ) — V 

Fig. 3 - Maximum operating areas for all types. 


9 2CS - I 5906 




l00 | iA 


COLLECTOR-TO-EMITTER VOLTAGE (V CE )-V 


rhe sustaining voltages 
ire acceptable when the 
‘A” for type 2N5838, poi 
or type 2N5840. 


EO (sus), V c (sus). and V CEX (sus) 
es fall to the right and above point 
“B” for type 2N5839, and point “C” 


Fig- 4 - Osci II os cope display for measurement of 
taining voltages (test circuit shown in Fig. 5). 


TERMINAL CONNECTIONS 


Mounting Flange, Case - Collector 






2N5838— 2N5840 


File No. 410 




0.01 2 4 6 8 O.I 2 46 


COLLECTOR CURRENT (I c I — A 92SS-4076RI 

Fig. 7 - Typical normalized dc beta characteristics for 
all types. 



92SS-4O70RI 


Fig. 9 - Typical transfer characteristics for all types. 



EXTERNAL BASE-TO-EMITTER RESISTANCE (R 0E )— ft 92CS 5 904 

Fig. 6 - Collector-to-emitter sustaining voltage charac- 
teristics for all types. 




0 12 3 4 

COLLECTOR CURRENT IL C ) — A 


92SS-4079RI 

Fig. 10 - Typical saturation voltage characteristics for 
all types. 
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File No. 410 


2N5838— 2N5840 










T~ 










J PULSE DURA 

TIONS 2 O^S 



















)R SUPPLY VOLTS t^ CC > * 200 
PERATURE (Tr) * 25*C 

0.1 1 
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0.05 • 
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-L 



-j- 
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: 





0 12 3 

COLLECTOR CURRENT (1(0 — A 



Fig. 11 - Typical delay-time characteristic for all types. Fig. 12 - Typical rise-time characteristic for all types. 



92SS-40B2RI 


92SS-4083RI 


Fig. 13 • Typical storage-time characteristic for all types. 


Fig. 14 - Typical fall-time characteristic for all types. 


SYNC OUT ♦ v cc 



*I B , AND Ib 2 MEASURED WITH TEKTRONIX CURRENT PROBE P6019 OR EQUIVALENT 


Fig. 15 - Circuit used to measure switching times for 
all types. 



Fig. 16 - Phase relationship between input and output 
currents showing reference points for specification of 
switching times. (Test circuit shown in Fig. 15). 
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File No. 675 



Solid State 
Division 


Power Transistors 

2N5954 2N6372 2N6467 40829 
2N5955 2N6373 2N6468 40830 
2N5956 2N6374 40831 



Silicon N-P-N and P-N-P 
Medium-Power Transistors 

General-Purpose Types for 
Switching Applications in Military, 

Industrial, and Commercial Equipment 
-i Features 

■ 2N5954, 2IS15955, 2N5956 complements to 2N637^, 2N6373, 2N6374 

■ Low saturation voltages 

■ Maximum-safe-area-of-operation curves 

■ Thermal-cycle ratings 

■ Hermetically-sealed JEDEC T0-66 package ■ High gain at high current 


RCA-2N5954, 2N5955, 2N5956, 2N6467, and 2N6468 A are 
multiple-epitaxial p-n-p transistors. RCA-2N6372, 2N6373, 
and 2N6374* are multiple-epitaxial n-p-n transistors. They are 
complements to 2N5954, 2N5955, and 2N5956. These devices 
differ in voltage ratings and in the currents at which the para- 
meters are controlled. All are supplied in the JEDEC TO-66 
package. 

Types 2N5954, 2N5955, and 2N5956 are available with 
factory-attached heat radiators as RCA types 40829, 40830. 


and 40831, respectively. The other devices may be obtained 
with heat radiators on special order. Radiator versions are in- 
tended for printed-circuit-board applications, and differ elec- 
trically from their basic counterparts only in device dissipation 
(5.8 W up to 25°C ambient) and thermal resistance (30°C/W 
max. at T A = 25°C). 

* Formerly RCA Dev. Nos. TA7264, TA7265, TA7266, TA8710,and 
TA8709, respectively. 

• Formerly RCA Dev. Nos.TA8352,TA8353, and TA8354, respectively. 


MAXIMUM RATINGS, Absolute-Maximum Values: N-P-N 


P-N-P 

*COLLECTOR-TO-BASE VOLTAGE V CBO 

COLLECTOR-TO-EMITTER VOLTAGE: 

* With 1 .5 volts ( V BE ) of reverse bias, and external 

base-to-emitter resistance (R BE ) = "100 fl V CEX 

With external base-to-emitter 

resistance (R BE ) = 100 n V CER 

With base open ^CEO 

*EMITTER-TO-BASE VOLTAGE V EBQ 

*CONTINUOUSCOLLECTOR CURRENT I c 

♦CONTINUOUS BASE CURRENT \ Q 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 


At ambient temperatures up to 25°C 

At case temperatures above 25 C 

♦TEMPERATURE RANGE: 

Storage and Operating (Junction) 

♦PIN TEMPERATURE (During Soldering): 
At distances ^ 1/32 in. (0.8 mm) from 
seating plane for 10 s max 


2N6374 2N6373 2N6372 


2N5956* 
40831 ♦ 

2N5955* 

40830* 

2N5954* 

40829* 

2N6467* 

2N6468* 


50 

70 

90 

110 

130 

V 

50 

70 

90 

110 

130 

V 

45 

65 

85 

105 

125 

V 

40 

60 

80 

100 

120 

V 

5 

5 

5 

5 

5 

V 

6 

6 

6 

4 

4 

A 

2 

2 

2 

2 

2 

A 

40 

40 

40 

40 

40 

W 

(2N6374) 

(2N5956) 

(2N6373) 

(2N5955) 

(2N6372) 

(2N5954) 

(2N6467) 

(2N6468) 


5.8 

(40831) 

5.8 

(40830) 

5.8 

(40829) 
See Figs. 1 , 2, 

and 3. 




—65 to +200 


+235 


♦ In accordance with JEDEC registration data format JS-6-RDF-2 (all types except 40829, 40830, and 40831) 

♦ For p-n-p devices, voltage and current values are negative. 
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File No. 675. 


2N5954-6, 2N6372-4, 2N6467-8, 40829-31 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C unless otherwise specified 


TEST CONDITIONS* LIMITS 

2N6374 2N6373 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT 2N5956* 2N5955* 


Collector Cutoff Current: 

With external base-to-emitter 
resistance (R B e) = 100 £2 


With base-emitter junction 
reverse-biased, 

(R be ) = 100 S2 


With base-emitter junction 
reverse-biased,(RB£) = 10012, 
and T c = 150 C 


With base open 


Emitter Cutoff Current 


DC Forward-Current 
Transfer Ratio 


Col I ector-to- Emitter 
Sustaining Voltage: 

With base open 

With external base-to- 
emitter resistance 
(R be ) = 100 S2 

With base-emitter 
junction reverse-biased, 

(R be ) = 100 Q. 

Base-to- Emitter Voltage:^ types 

All types 
All types 

2N6372-2N6374 

Collector-to-Emitter 
Saturation Voltage 


Magnitude of Forward- 
Current Transfer Ratio 
(f = 1 MHz): 

2N6372-2N6374 
2N5954-56, 40829-31 


Forward-Current 
Transfer Ratio 
(f = 1 kHz) 


Thermal Resistance: 

Junction-to-case, 2N5954-56, 
2N6372-74 


Junction-to- Ambient 

40829-40831 


2N6372 

2N5954* UNITS 
40829* 




flllllBHM 



f In accordance with JEDEC registration data format JS-6 RDF-2. 
^ For p-n-p devices, voltage and current values are negative. 


“ Pulsed, pulse duration = 300 /is, duty factor = 1 .8%. 
k CAUTION: Sustaining voltages Vq^q(sus), Vq£ R (sus), and \f C £^(sus) 

MUST NOT be measured on a curve tracer. (See Figs. 19 & 20). 
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2N5954-6, 2N6372-4, 2N6467-8, 40829-31 


File No. 675 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C unless otherwise specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

Vdc 

CURRENT 

Adc 

2N6467 

2N6468 

V C E 

v be 

'c 

BS 

Min. 


Min. 


Collector Cutoff Current: 

With external base-to-emitter 
resistance (R B e) “ 100 ^ 

m 

-95 

-100 

■ 

■ 

■ 

■ 

-100 

■ 

-100 

ma 

With base-emitter junction 
reverse-biased and external base- 
to-emitter resistance (R BE ) = 

100 SI 

'CEX 

-100 

-120 

■ 

■ 

■ 

■ 

-100 

■ 

-100 

pA 

With base-emitter junction 
reverse-biased, Rbe = 100S2, 
and Tq = 150°C 

-100 

-120 

1.5 

1.5 

■ 

■ 

■ 

-2 

■ 

-2 

mA 

With base open 

'CEO 

-50 

-60 




- 

-1 

- 

a 

mA 

Emitter Cutoff Current 

■ebo 


5 



- 


- 


mA 

DC Forward-Current Transfer Ratio 

ISM 

a 


— 1.5 a 
— 4 a 


15 

5 

150 

a 

150 


Collector-to-Emitter Sustaining 
Voltage: 

With base open 

V CE0 {sus) 

■ 

■ 

-0.1 a 

■ 


■ 

H 

■ 

V 

With external base-to-emitter 
resistance (Rbe) = 100 Q. 

v cer( sus ) 



-0.1 a 


-105 b 

a 



With base-emitter junction 
reverse-biased and external 
base-to-emitter resistance 
(R be ) = 100 £2 

V CEX< SUS ) 

i 

1.5 


■ 

■ 

1 

— 130 b 

1 

Base-to- Emitter Voltage 

V BE 

a 


— 1.5 a 
— 4 a 

■ 

- 

-2 

-3.5 

- 

-2 

-3.5 

V 

Collector-to-Emitter 

Saturation Voltage 

V CE (sat) 



— 1.5 a 
— 4 a 

-0.15 

-0.8 

- 

-1.2 

-4 

: 

-1.2 

-4 

V 

Magnitude of Common Emitter, 
Small-Signal Short-Circuit, 
Forward-Current Transfer 

Ratio (f = 1 MHz) 

Ihfel 

i 

■ 

■ 

1 


1 

5 

1 

■ 

Common-Emitter, Small- 
Signal, Short-Circuit, Forward- 
Current Transfer Ratio 
(f = 1 kHz) 

h fe 

■ 

■ 

-0.5 

1 

25 


25 

1 

■ 

Thermal Resistance: 

Junction-to-case 

R 0JC 

■ 

■ 

■ 

■ 

■ 

D 


■ 

°c/w 


a Pulsed, pulse duration = 300 ms, duty factor = 1 .8%. 

b CAUTION: Sustaining voltages Vq£q(sus), fj(sus), and Vq^^(sus) MUST NOT be measured on a curve tracer. (See Figs. 19 and 201. 
* In accordance with JEDEC registration data format JS-6 RDF-2. 


TERMINAL CONNECTIONS 
ALL JEDEC DEVICES 

Pin 1 — Base 
Pin 2 — Emitter 

Case, Mounting Flange — Collector 


TERMINAL CONNECTIONS 
40829, 40830, 40831 
Pin 1 — Base 
Pin 2 — Emitter 
Heat Radiator — Collector 
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Fig. 2 — Current derating curve for all types. 


Fig. 3 — Dissipation derating curve for all types. 
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92LS-353IRI 

Fig. 4 — Typical input characteristics for all types. * 


■ 


COLLECTOR CURRENT (I c )-A 

92CS-I9668R 

Fig. 5 — Typical dc beta characteristics for 2N6372, 2N6373, 
and 2N6374. 


CASE TEMPERATURE (Tp) » 25*C 



0 2 4 6 8 10 12 

COLLECTOR -TO-EMITTER VOLTAGE (VCE) — V 

92LJ 

Fig. 6 — Typical output characteristics for all types.* 


collector-to-emitterL 

VOLTAGE (Vce) =~4V j 



2 468 2 468 2 461 

-O.OI -0.1 -I 

COLLECTOR CURRENT (I C )-A 

92CS-I800 

Fig. 7 — Typical dc beta characteristics for 2N5954 — 2N5956 
and 40829 - 40831. 



BASE-TOrEMITTER VOLTAGE (V BE ) — V 

92LS— 3929RI 

Fig. 8 — Typical transfer characteristics for all types. * 



COLLECTOR CURRENT ( I c ) — A 

92CS-22539 

Fig. 9— Typical dc beta characteristics for 2N6467 and 2N6468. 


For p-n-p devices, voltage and current values are negative. 
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Fig. 10 — Thermal-cycling rating chart for all types. 
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Fig. 11 — Typical gain-bandwidth product for all types. * 



Fig. 12 — Typical saturated switching characteristics for 
2N6372 - 2N6374. 
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COLLECTOR CURRENT (I C ) — A 

92LS-3536R2 

Fig. 13— Typical saturated switching characteristics for 
2N5954 - 2N5956, 2N6467 - 2N6468, and 
40329 - 40831. 


V B B*-4.5 V V C C -+30V 



20/is; REP. RATE = 

IkHz) * ADJUST R B FOR l 02 AND R C FOR l C 

*I B . AND l B , MEASURED WITH TEKTRONIX CURRENT PROBE 

P6019 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 



92CS-24895 


92CS-24797 


Fig. 14 — Circuit used to measure saturated switching times for 
n-p-n types. 


Fig. IS — Oscilloscope display for measurement of switching 
times for n-p-n types. 


* For p-n-p devices, voltage and current values are negative. 


269 






2N5954-6, 2N6372-4, 2N6467-8, 40829-31 


File No. 675 


V BB = *4.5V V cc =-30V 



REP. RATE * 

I k Hz ) * ADJUST R b FOR l B2 AND R C FOR l C 

M Bl AND l B , MEASURED WITH TEKTRONIX CURRENT PROBE 
1 1 P6019 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 


92CS-24894 


Fig. 16— Circuit used to measure saturated switching times for 
p-n-p types. 



Fig. 17 — Oscilloscope display for measurement of switching times 
for p-n-p types. 
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92LS-3537RI 


Fig. 


18 — Minimum reverse-bias second-breakdwon characteristic 
for all types. * 



**FOR P-N-P TYPES 2N5954, 2N5955, 2N5956, 2N6467.AND 2N6468, 
40829,40830, AND 40831, REVERSE POLARITY OF 
V cc AND BATTERY. 


•* PULSE CURRENT (Ip) RANGE MUST BE 0.2-0-4A 



100 


mu 


to no 


50 90 130 

COL LECTOR -TO - EMITTER VOLTAGE (Vce) — V 

92CS-22473 


The sustaining voltages, VcEOi sus )< Vcer(sus), anc * VCEXi sus )» are 
acceptable when the traces fall to the right of point "A" for types 
2N5956, 40831 , and 2N6374; point "B” for types 2N5955, 40830, and 
2N6373; point "C''for types 2N5954, 40829, and 2N6372; point *'D" 
for type 2N6467, and point "E" for type 2N6468. 


Fig. 19 — Circuit used to measure sustaining voltages Vqeq(sus) 
Vcer(sus), and Vq^^(sus). 


Fig. 20 — Oscilloscope display for measurement for sustaining voltages 
(test circuit shown in Fig. 19).* 


* For p-n-p devices, voltage and current values are negative. 
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File No. 462 

MBffl 

Solid State 
Division 


Power Transistors 

2N6032 

2N6033 



High-Current, High-Speed, 
High- Power Transistors 

Silicon N-P-N Types 

For Switching and Amplifier Applications 

in Military, Industrial, and Commercial Equipment 


Features: 


Low VcE(sat) - 1.0 V max. at 40 A, 1.3 V itie^x. at 50 A 
Maximum Safe-Area-of -Operation Curve. . . l$/b limit line beginning at 24 V 
Fast Storage Time . . . t s = 1.5 jus max at lc = 40 A (2N6033) 50A (2N6032) 
High-Current Capability . . . VQ|=(sat) & Vbe measured at lc = 40 A (2N6033) 


High Pj (140 W max. at Tc = 25°C) 


= 50 A (2N6032) 


RCA Types 2N6032 and 2N6033* are epitaxial silicon 
n-p-n transistors having high-current and high-power handling 
capability and fast switching speed. The 2N6033 is similar to 


the 2N6032; they differ in maximum values for continuous 
collector current and sustaining voltage. 

’Formerly RCA Dev. Types TA7337 and TA7337A, respectively. 


MAXIMUM RATINGS, Absolute Maximum Values: 

2N6032 2N6033 


COLLECTOR-TO-BASE VOLTAGE . . 

COLLECTOR-TO-EMITTER 

SUSTAINING VOLTAGE: 

V CBO 

120 

150 

With base open 

With external base-to-emitter 

• v CEO (sus) 

90 

120 

resistance (Rbe)"^ 50 Q. 

With external base-to-emitter 

• V CER< SUS ) 

110 

140 


resistance (Rrf) <50 Q> & 


Applications: 

n Switching-control amplifiers 

■ Power gates 

n Switching regulators 

■ Power-switching circuits 
b Power oscillators 

■ DC-RF amplifiers 
h Converters 

a Inverters 


v Be = -1-5 v V c£X (sus) 120 150 V 

EMITTER-TO-BASE VOLTAGE V £B0 7 7 V 

CONTINUOUS COLLECTOR CURRENT I c 50 40 A 

BASE CURRENT I B 10 10 A 

IEMITTER CURRENT I E 50 40 A 

TRANSISTOR DISSIPATION 1 P T 

At case temperatures up to 25 °C 

and Vce U P t0 24 V 140 140 W 

At case temperatures up to 25°C 

and Vc£ above 24 V See Fig. 2. 

At case temperatures above 25°C 

and V CE above 24 V See Figs. 2 and 3 

TEMPERATURE RANGE: 

Storage & Operating (Junction) .... -65 to +200 °C 

PIN TEMPERATURE (During Soldering): 

At distances > 1/32 in. (0.8 mm) 

from seating plane for 10 s max .... 230 °C 


a Control circuits 



*ln accordance with JEDEC registration data format JS-6 RDF-1. 


EFFECTIVE CASE TEMP. OR CASE TEMP. (T EFF OR T C )-°C 9BM6JJR1 

Fig. 1 — Derating curves for both types. 
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ELECTRICAL CHARACTERISTICS, Case Temperature (Tq) = 25°C Unless Otherwise Specified 
I I I TEST CONDITIONS I LI 


CHARACTERISTIC 


SYMBOL VOLTAGE CURRENT 2N6032 
V dc A dc 





< 

o 

m 

LU 

CO 

> 

«C 

'b 

S/lin . 

Max. 

Min 

Max 



Collector-Cutoff Current: 

With base open 

'CEO 

80 

- 

- 

0 

- 

10 

- 

10 

mA 

* 

Witn base-emitter 


110 

-1 .5 

- 

- 

- 

12 

- 

- 

m A 


junction reverse biased 

*CEV 

135 

-1.5 

- 

- 

- 


- 

10 


T c = 1 50°C 


100 

-1.5 

~ 

- . 

— 

15 

— 

10 

mA 

* 

Emitter-Cutoff Current 

'ebo 

- 

- 

0 

- 

- 

10 

- 

10 

mA 


Collector-to-Emitter 

Sustaining Voltage: 

(See Figs. 12 & 13) 

With base open 

V CE 0 (sus) 








0.2 b 0 90 a - 120 a 
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SWITCHING TIME CHARACTERISTICS, Case Temperature (Tq) = 25° C 



r 3 












COLLECTOR CURRENT (I 





COLLECTOR CURRENT (I C ) 





2N6032, 2N6033 
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L = 15 mH [Vceq(sus) & V CER( SUS )J 
L = 2mH [Vcex^sus)] 

NOTE: Relay vibrates 60 times per second. 



(sus) 

i Vcer(sus) I 

VCEX< 

\ 0.4 

1 | 


_ 1 | 

\\ 

! ! ^ 

! I 

r 


pf 0.2 

i_j — 

)_ 

a ! b! i 

L 

A | b| 

1 1 


90 120 0 no 140 0 120 150 

COLLECTOR-TO-EMITTER VOLTAGE (Vce>— V 

92CS -16022 


Note: The sustaining voltages Vceo* susI > v CER < sus >. or Vc B x ,sus > 
are acceptable when the trace falls to the right and above point "A" 
for type 2N6032 or point "B" for type 2N6033. 


Fig. 12 — Circuit used to measure sustaining voltages 
VcEO( sus )' Vcer( sus )' <& Vcex( sus ) f° r both types. 


Fig. 13 — Oscilloscope display for measurement of sustaining 
voltages for both types. (Test circuit shown in Fig. 5). 


input: 

HEWLETT- 



* ADJUST FOR IB, AND I B2 
** R C AT 40 A = 0.75 ft 
50 A =0.6 ft 

a X B | and I B2 MEASURED WITH TEKTRONIX CURRENT 
PROBE P60I9 AND TYPE 134 AMPLIFIER OR EQUIVALENT 

92CS-I7433 


TERMINAL CONNECTIONS 
Pin 1 - Base 
Pin 2 — Emitter 
Case — Collector 
Mounting Flange - Collector 


Fig. 14 — Switching-time test set. 
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Power Transistors 


TOQB//D 

Solid State 
Division 


2N6055 

2M6056 



8“Amp@re Silicon N-P-N 
©arlioigtOQU Power Transistors 

60- and 80-Volt, 100-Watt Types 
With Gain of 750 at 4 Amperes 


Features: 


Applications: 


a Operation from 1C without predriver 
° Low leakage at high temperature 
Q High reverse-second-breakdown capability 


° Power switching 
a Hammer drivers 
° Audio amplifiers 
° Series and shunt regulators 


RCA-2N6055 and 2N6056 are monolithic n-p-n silicon 
Darlington transistors designed for low- and medium- 
frequency power applications. The double epitaxial construc- 
tion of these devices provides good forward and reverse 
second-breakdown capability. Their high gain makes it 
possible for them to be driven directly from integrated 
circuits. 

TERMINAL CONNECTIONS 

Pin 1 — Base 
Pin 2 — Emitter 
Case — Collector 
Mounting Flange — Collector 



Fig. 1— Schematic diagram of 2N6055 and 2N6056 Darlington power 
transistors. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

* COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base reverse-biased, Vbe = —1.5 V, sustaining 

With external base-to-emitter resistance (Rbe) = 10012, sustaining 

* With base open 

* EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT: 

* Continuous 

Peak 

* CONTINUOUS BASE CURRENT 

* TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

* TEMPERATURE RANGE: 

Storage & Operating (Junction) 

* PIN TEMPERATURE (During Soldering): 

At distances ^ 1/16 in. (1.58 mm) from 

seating plane for 10 s max 



zi\i6055 

2N6056 


v CBO 

60 

80 

V 

V CEV ( sus ) 

60 

80 

V 

Vcer (sus) 

60 

80 

V 

VCEO 

60 

80 

V 

Vebo 

5 

5 

V 

>c 

8 

8 

A 


16 

16 

A 

>B 

120 

120 

mA 

Pt 

100 

100 

W 


See Figs. 2 and 3 



-65 to +200 


°C 


235 


°C 


* In accordance with JEDEC registration data format JS-6 RDF-2 


1-73 
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2N6055, 2N6056 File No. 563 


ELECTRICAL CHARACTERISTICS, at Case Temperature (Tq) = 25°C unless otherwise specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

DC 

VOLTAGE 

(V) 

DC 

CURRENT 

(A) 

2N6055 

2N6056 

V CE 

V BE 

•c 

! B 

MIN. 

MAX. 

MIN. 

MAX. 

Collector Cutoff Current: 

With base open 

'CEO 

30 

40 



0 

0 

— 

0.5 

- 

0.5 

mA 

With base-emitter 
junction reverse-biased 

*CEX 

60 

80 

-1.5 

-1.5 



- 

0.5 

- 

0.5 

At T C = 1 50°C 

<CEX 

60 

80 

-1.5 

-1 .5 



- 

5 

“ 

5 

Emitter Cutoff Current 

lEBO 


-5 . 

0 


- 

2 

_ 

2 

mA 

DC Forward Current 

Transfer Ratio 

h FE 

3 

3 


8 a 

4 a 


100 

750 

18,000 

100 

750 

18,000 


Collector-to-Emitter 

Sustaining Voltage: 

With base open 

v CEO< sus ) 



0.1 a 


60 a 


80 a 


V 

With external base-to- 

emitter resistance 

(r B e) = 100 ft 

V CER< SUS ) 



0.1 a 


60 a 

- 

80 a 

- 

With base-emitter 

junction reverse- 

biased 

V CEX< SUS > 


-1.5 

0.1 a 


60 a 

- 

80 a 

- 

Col lector-to-Emitter 

Saturation Voltage 

VcE< sat ) 



4 a 

8 a 

0.016 

0.08 

— 

2 

3 


2 

3 

V 

Base-to-Emitter Voltage 

v B e 

3 


4 a 


- 

2.8 

- 

2.8 

V 

At saturation 

V BE (sat) 



8 a 

0.08 

- 

4 

- 

4 

Magnitude of Common- 
Emitter, Small-Signal 
Short-Circuit, Forward 
Current Transfer Ratio; 
f = 1 MHz 

Ihfel 

3 


3 


4 

- 

4 

- 


Common-Base Output 
Capacitance; 
f = 0.1 MHz , V CB = 10V 

Cobo 





- 

200 

- 

200 

PF 

Common-Emitter, Small- 
Signal, Short-Circuit 
Forward Current 

Transfer Ratio; 

f = 1 kHz 

h fe 

3 


3 


300 

- 

300 

- 

- 

Second Breakdown 

Energy; 

With base reverse- 

biased and L = 12 mH, 

R BE = 100ft 

E S/bb 


-1.5 

5 


150 

- 

150 

- 

mJ 

Forward-Bias Second 

Breakdown Collector 

Current (1-s non- 
repetitive pulse) 

•s/b 

33.3 

40 




3 

- 

3 

2 

— | 

A 

Thermal Resistance; 

Junction-to-Case 

R 0JC 





- 

1.75 

- 

1.75 

°C/W 


* In accordance with JEDEC registration data format JS-6 RDF-2. 


a Pulsed: Pulse duration = 300 ps, duty factor = 2%. 

k ^S/b ' s defined as the energy at which second breakdown occurs under specified reverse bias conditions. Eg/b = V6L|2, where L is a series load 
or leakage inductance and I is the peak collector current. 
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File No. 563 _ 


-2N6055, 2N6056 


CASE TEMPERATURE (T C )*25*C 

- Ic MAX. (PULSED) 

[■■"" ! \ Z -~ 

I c MAX. (CONTINUOUS) _ Z! 


2 4 6 8 10 20 40 60 00 100 

COLLECTOR -TO-EMITTER VOLTAGE (V CE )— V 


2- Maximum operating areas for types 2N6055 and 2N6056. 


NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION- LIMITED PORTION 
AND I S /b “LIMITED PORTION OF MAXIMUM -OPERATING- 
AREA CURVES. DO NOT DERATE THE SPECIFIED 
VALUE FOR I c MAX. 


CASE TEMPERATURE (Tc)“C 


Fig. 3— Derating curve for both types. 



0.1 2 4 6 8 I 2 4 6 8 10 2 4 6 8 | 00 

COLLECTOR CURRENT (I c ) — A 


Fig. 4— Typical dc beta characteristics for 
both types. 


JCOLLECTOR CURRENT (I C )=IA 
COLLECTOR-TO-EMITTER VOLTAGE (V CE ) = 5V 
"CASE TEMPERATURE (T r ) = 25°C 



8 0.1 2 4 6 8, 2 

FREQUENCY (f) — MHz 


Fig. 5— Typical small-signal gain for both 
types. 



NUMBER OF THERMAL CYCLES 


Fig. 6— Thermal-cycling rating chart for 
both types. 


COLLECTOR SUPPLY VOLTAGE (V cc )*i 
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COLLECTOR CURRENT (I c ) — A 


Fig. 7— Typical saturated switching-time 
characteristics for both types. 





2N6055, 2N6056 



20 pi NEGATIVE VOLTAGE 
REP. RATE = 200 Hz 

* l0| a ND I 02 ARE MEASURED WITH TEKTRONIX CURRENT 
PROBE P60I9 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 

92CS- 19942 

Fig. 8— Circuit used to measure saturated switching times. 
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Fig. 10— Typical input characteristics for both types. 




±ttt 

s 



1 


1 


I 

B 


1: 

y| 

I 


jjjjj 

? E 

o 

a 16: 

1 




I 

n 

ll 

| 

:::::::: 

sssss::: 

!!!!!!■■ 

iiiiiii! 

:::«!!> 

:::::::: 

i 

jSSSi 

jjjj 

:::! 

ii 

Ii 

iilii 

i 

R 

m 

sn 

i| 

ill 

aiii 

iii 

||| 

5 14 : 

tr 

i ,2 ^ 

S 10 = 

i- 

3 8: 

_j 

O c 

o 6 : 

4 : 

2 : 


:: 

52 . 

g 

1 

:: 

i» 

1 

if; 

Sj 

mm 

55 

ii 

55 

ii 

ii 

sis 

l 

1 

ii: 

ijpjj 

mm 

m 

::::::::: 

ip 

mam 

^Missis:::::: 

llsii!in!Ill| 

iillsfissi:::: 

EE:::::::::::: 

iiiiiii 

sssss 

:::!!!!!!!!•!■ 

i :::: i 

Milililili 


o 2 4 6 8 10 12 14 

COLLECTOR-TO-EMITTER VOLTAGE (V CE )-V 

92CS- 19925 


Fig. 12— Typical output characteristics for both types. 


File No. 563 



92CS- 13996 Rl 

Fig. 9— Phase relationship between input current and output current 
showing reference points for specification of switching times 
(test circuit shown in Fig. 8). 



92CS-I9924 

Fig. 11— Typical transfer characteristics for both types. 



Fig. 13— Typical saturation-voltage characteristics for both types. 
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File No. 492 


□UQgzn 

Solid State 
Division 


Power Transistors 
2N6077 
2N6078 
2N6079 



High-Voltage, High-Power 
Silicon N-P-N Transistors 

For Switching and Linear Applications 

Features 

■ Maximum safe-area-of-operation curves 
o Low saturation voltages 
a High voltage ratings : 

VcER(sus) = 300 V (2N6077) 

275 V (2N6078) 

375 V (2N6079) 
a High dissipation rating : Pj = 45 W 


TERMINAL CONNECTIONS 

1 Pin 1 - Base 
Pin 2 — Emitter 

Mounting Flange, Case-Collector 


RCA-2N6077, 2N6078, and 2N6079 are multiple epitaxial 
silicon n-p-n power transistors utilizing a multiple-emitter-site 
structure. Multiple-epitaxial construction maximizes the volt- 
ampere characteristic of the device and provides fast 
switching speeds. Multiple-emitter-site design ensures uni- 
form current flow throughout the structure, which produces 
a high I s/b ar| d a l ar 9 e safe-operation area. 

These devices use the popular JED EC TO-66 package; they 
differ mainly in voltage ratings, leakage-current limits, and 
VcE(sat) ratings. 

The 2N6077 is characterized for switching applications with 
load lines in the active region. These applications include 
sweep circuits and all circuits using the transistor as an active 
voltage clamp. 


Type 2N6078 is characterized for switching applications with 
the load line extending into the reverse-bias region. Its 
voltage ratings make this device useful for switching regu- 
lators operating directly from a rectified 110-V or 220-V' 
power line. The unit is rated to take surge currents up to 5 A 
and maintain saturation. 

The 2N6079 is characterized for use in inverters operating 
directly from a rectified 110-V power line. The leakage 
current is specified at 450 volts; therefore the device can also 
be used in a series bridge configuration on a 220-V line. The 
VEBO rating of 9 volts eases requirements on the drive 
transformer in inverter applications. Storage time, an im- 
portant factor in the frequency stability of an inverter, is 
specified in Fig. 12 , which shows variation in storage time 
with variation in load current from zero to maximum (4 A). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

*COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open 

* With reverse bias (Vbe) of —1.5 V 

With external base-to-emitter resistance (Rbe) ^50 SI 

*EMITTER-TO-BASE VOLTAGE 

♦COLLECTOR CURRENT: 

Continuous 

Peak 

♦CONTINUOUS BASE CURRENT 

♦TRANSISTOR DISSIPATION: 

At case temperatures up to 25 C and VqE up to 40 V 

At case temperatures up to 25 C and Vqe above 40 V 

At case temperatures above 25 C and V^f above 40 V 

♦TEMPERATURE RANGE: 

Storage & Operating (Junction) 

*PIN TEMPERATURE (During Soldering): 

At distances 1/32 in. (0.8 mm) from case for 10 s max 

♦ In accordance with JEDEC registration data format (JS-6. RDF-1). 



2N6077 

2N6078 

2N6079 


v CBO 

300 

275 

375 

V 

v CEO< sus ^ 

275 

250 

350 

V 

v CEXf sus > 

300 

275 

375 

V 

Vcer(s us ) 

300 

275 

375 

V 

v EBO 

6 

6 

9 

V 


7 

7 

7 

10 

10 

10 

4 

4 

4 

45 

45 

45 


See Fig. 1 



See Figs. 1, 2, and 4 



-65 to +200 



230 



6-71 
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2N6077— 2N6079 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C unless otherwise specified 


TEST CONDITIONS 


VOLTAGE 
V dc 


.File No. 492 


CHARACTERISTIC 

SYMBOL 



With base-emitter 
junction reverse biased 


With base-emitter 
junction reverse biased, 
T C = 1250C 

'CEV 




Collector-to-Emitter 
Sustaining Voltage 
With base open 


With external base-to- 
emitter resistance-' 
RBE = 50 £2 


Emitter-to-Base Voltage: 
lE = 1 mA 


DC Forward-Current 
Transfer Ratio 


Base-to- Emitter 
Saturation Voltage 




Output Capacitance-' 
V C B = 10 V,f = 1 MHz 


Magnitude of Common 
Emitter, Small-Signal, 
Short-Circuit, Forward 
Current Transfer Ratio : 
f = 1 MHz 


Second Breakdown 
Collector Current (With 
base forward biased) 
Pulse duration (non- 
repetitive) = 1 s 


Second Breakdown 
Energy (With base 
reverse biased); 

Rf3 = 50 L = 100 pH 


Switching Times 0 
(V C C = 250 V, lB1 = lB2): 

Delay Time 

Rise Time 


Storage Time 


Fall Time 

Thermal Resistance: 
Junction-to-Case 


In accordance with JEDEC registration data format (JS-6 RDF-1). 
a Pulsed; pulse duration <350 ps, Duty factor = 2%. 

k CAUTION: The sustaining voltages Vc£q(sus), and Vq£r(sus), 
MUST NOT be measured on a curve tracer. These sustaining 
voltages should be measured by means of the test circuit shown in 
Fig. 15. 

C See Figs. 10-14, 17 and 18. 


■■■!■■■■■ 
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2N6077— 2N6079 


PULSE OPERATION* 



92CS- 19022 

Fig. 1 —Maximum operating areas for all types. 



CASE TEMPERATURE (T c ) °C BASE-TO- EMITTER VOLTAGE l Vgjrl — V 

92SS-4072RI 92SS-4078RI 


Fig. 2— Derating curve for all types. 


Fig. 3— Typical transfer characteristics for all types. 
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COLLECTOR CURRENT 
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2N6077-2N6079 



Fig. 7— Typical output characteristics for all types. 



Fig.8— Typical output characteristics for all types. 



92CS-I90 28 

Fig. 9— Typical saturation voltage characteristics for all 
types. 



92CS- 19029 

Fig. 10— Typical delay-time characteristic for all types. 



9ZCS-I9030 

Fig. 11— Typical storage-time characteristic for all types (with 
constant forced gain). 



Fig. 12— Typical storage-time characteristic for all types (with 
constant-base drives). 
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2N6077-2N6079 


File No. 492 



Fig. 13— Typical rise-time characteristic for all types. 



Fig. 14— Typical fall-time characteristic for all types. 


PUSH 



92CS-I5903 

Fig. 15— Circuit used to measure sustaining voltages VcEO( sus 
VCER( SUS ) for all types. 



*Ib 1 AND I $2 MEASURED WITH TEKTRONIX CURRENT PROBE P6019 OR EQUIVALENT 


Fig. 17 -Circuit used to measure switching times for all types. 
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92CS-I90I5 


The sustaining voltages VcEC>( sus ) ar| d Vcer< sus ) are acceptable when 
the traces fall to the right and above point "A" for type 2N6078 point 
"B" for type 2N6077 and point "C" for type 2N6079. 

Fig. 16— Oscilloscope display for measurement of sustaining 
voltages (test circuit shown in Fig. 15). 



Fig. 18— Phase relationship between input and output 
currents showing reference points for specification of 
switching times. (Test circuit shown in Fig. 17). 






File No. 485 


Power Transistors 

2N6098 2N6099 
2N6100 2N6101 
2N6102 2N6103 

High-Current, Silicon N-P-N 
VERSAWATT Transistors 

Designed for Medium-Power Linear and Switching Service 
in Consumer, Automotive, and Industrial Applications 

Features: 

a Low saturation voltage - 

v CE (sat) = 1 V max> at *C = 4 A < 2N6098 ' 2N6099) 

= 1 V max. at Iq = 5 A (2N6106, 2N6101) 

= 1 V max. at l c = 8 A (2N6102, 2N6103) 
a VERSAWATT package (molded-silicone plastic) 
n Maximum safe-area-of-operation curves 
n Thermal-cycle rating curve 

These RCA types are hometaxial-base silicon n-p-n tran- 
sistors. Types 2N6098, 2N6100, and 2N6102 have formed 
emitter and base leads for easy insertion into TO-66 sockets. 

Types 2N6099, 2N6101, and 2N6103 are electrically 
identical to the 2N6098, 2N6100, and 2N6102, respectively. 

These new VERSAWATT-package transistors differ in volt- 
age ratings and in the currents at which the parameters are 
controlled. They are intended for a wide variety of 
medium-power switching and linear applications, such as 
series and shunt regulators, solenoid drivers, motor-speed 

Maximum Ratings, Absolute-Maximum Values: 

*COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With external base-to-emitter resistance (R qe^ = 100£2 

* With base open 

*EMITTER-TO-BASE VOLTAGE 

"COLLECTOR CURRENT (Continuous) 

"BASE CURRENT 

TRANSISTOR DISSIPATION: 

* At case temperatures up to 25°C 

At ambient temperatures up to 25°C 

* At case temperatures above 25°C, derate linearly .... 

At ambient temperatures above 25°C, derate linearly . 

"TEMPERATURE RANGE: 

Storage & Operating (Junction) 

"LEAD TEMPERATURE (During Soldering) : 

At distanced 1/8 in. (3.17 mm) from case of 10 s max 

*ln accordance with JEDEC registration data format JS-6 RDF-2. 



controls, inverters, and driver and output stages of high- 
fidelity amplifiers. 

•Formerly RCA Dev. Nos. TA7381-86, inclusive. 

OPTIONAL LEAD CONFIGURATION 
An additional lead forming for printed-circuit board mounting 
is also available. 

Please submit requirements to your RCA Technical Sales Rep- 
resentative, or write to RCA Linear Power Marketing, Somerville, 
N.J. 08876. 




Solid State 
Division 
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2N6098-2N6103 File No. 485 


ELECTRICAL CHARACTERISTICS, Case Temperature (T c ) = 25°C Unless Otherwise Specified 





TEST CONDITIONS ] 

LIMITS ! 





DC 

DC 

DC 











Collector 

Emitter 

Current 

2N6102 

2N6098 

2N6100 



Characteristic 

Symbol 

Voltage 

Voltage 



2N6103 

2N6099 

2N6101 

Units 




(V) 

(V) 

(A) 











UJ 

O 

> 

V EB 

•c 

*B 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 





40 

1.5 




2 








'CEX 

65 

1.5 






2 







75 

1.5 








2 


* 

Collector-Cutoff Current 












mA 














With base-emitter junction 

'cEX 

40 

1.5 




10 







reverse biased 

(T C =150°C) 

65 

1.5 






10 







75 

1.5 








10 





30 



0 


2 







With base open 

'CEO 

50 



0 




2 



mA 



60 



0 






2 


* 

Emitter-Cutoff Current 

'ebo 


5 

8 




1 


1 


1 

mA 


— 

Collector-to-Emitter 














Sustaining Voltage: 

With external base-to-emitter 

V CER (susl 



0.2 


45 


65 


75 




resistance 1 00S2 a 











V 

# 

With base open a 

V CEO {sus) 



0.2 

0 

40 


60 


70 






4 


4 




20 

80 




* 

DC Forward-Current Transfer 


4 


5 






20 

80 



h FE 

4 


8 


15 

60 







Ratio 3 

4 


10 


- 


5 


5 






4 


16 


5 







! 



4 


4 





1.7 




* 

Base-to-Emitter Voltage 3 

V BE 

4 


5 


' ! 





1.7 

V 



4 


8 


. I 

1.7 




. ' ! 


# 

Collector-to-Emitter 

V^ c (sat) 



10 

2 




2.5 


2.5 

V 


Saturation Voltage 3 

Cc 



16 

3.2 


2.5 






* 

Common-Emitter, small- 














signal short-circuit. 

hr 

4 

f=1 kHz 

0.5 


15 


15 


15 




forward current transfer 

ratio 

"fe 












* 

Magnitude of common- 














emitter, small-signal, 
short circuit, forward 
current transfer ratio 

lh fe l 

4 

f=0.1 MHz 

0.5 


8 

28 

8 

28 

8 

28 



Thermal Resistance: 














Junction-to-Case- 

^J-C 






1.67 


1.67 


1.67 

°C/W 


Junction-to-Ambient 

°J-A 






70 


70 


70 


*ln accordance with JEDEC registration data format (JS-6, RDF -2) a Pulsed, pulse duration - 300 /is, duty factor - 0.018 
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2N6098— 2N61 03 


* NORMALIZED POWER MULTIRLER p 


o 

H 


UJ 

cc 

or 

=> 

o 

cc 

o 


o 

o 


I ( 2 N 6098 , 2 N 6099 , 
i'.J . 2 ^ 6100 , 2 ^ 6101 ) 



TEMPERATURE (Tc) = 25 q C j 
(CURVES MUST BE DERATED LINEARLY ' 
WITH INCREASE IN TEMPERATURE) 


■ * FOR SINGLE NONREPETITIVE; PULSE » ■ 

j~j j ; ; | 
y 1 ill! 

n 1 ; : i 

[.I...: .. i 
! ' 1 

LliJi.i 

jV M ‘I -. :[' j 1; 

— ?•■;;*! : VCEO max = 
, i Vqeo MAX = 
! ^EO.MAXj 

40 V (2N6I02 ,21^6103) j- 
60 V (2N6098,2N6099) * 
70V (2N6I00,2N6I0I) — 


° 100 


C0LLECT0R-T0-EMITTER VOLTAGE (V C e)“ 

fig. 1 —Maximum safe operating areas for all types. 


92CS-I7954 



Fig. 2— Derating curve for all types. 


Fig. 3— Thermal-cycling rating for all types. 


TERMINAL CONNECTIONS FOR 
TYPES 2N6098, 2N6100, 2N6102 

Terminal No. 1-Base 
Terminal No. 3-Emitter 
Terminal No. 4-Collector 


TERMINAL CONNECTIONS FOR 
TYPES 2N6099, 2N6101, 2N6103 

Terminal No. 1-Base 
Terminal No. 2-Collector 
Terminal No. 3-Emitter 
Terminal No. 4-Collector 
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File No. 485 



EXTERNAL BASE -TO -EMITTER RESISTANCE (Rbe)-O 


Fig.4 -Sustaining voltage vs. base-to-emitter resistance for 
types 2N6102 and 2N6103. 




Fig. 6- Sustaining voltage vs. base-to-emitter resistance for Fig. 7— Typical dc-beta characteristics for types 2N6098 
types 2N6098 and 2N6099. and 2N6099. 



Fig.8-Sustaining voltage vs. base-to-emitter resistance for Fig.9-Typical dc beta characteristics for types 2N6 100 
types 2N6100 and 2N6101. and 6101. 





2N6098— 2N6103 
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COLLECTOR -TO-EMITTER VOLTAGE (V CE )*4 V ::::: 
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92CS-IS987 

Fig. 16— Typical transfer characteristics for all types. 



Fig. 17— Typical gain-bandwidth product for all types. 



92CS-I5994 

Fig.18-Typical saturated switching characteristics for all 
types. 



NOTE: Collector-terminal connection for transistor under test is 
mounting-flange (2N6098, 2N6100, 2N6102), lead No. 3 (2N6099, 
2N6101, 2N6103). 


Fig.20— Circuit used to measure switching times for all types. 
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Fig. 19— Reverse-bias, second-breakdown characteristics for all 
types. 



Fig.21— Phase relationship between input current and output 
current showing reference points for specification of 
switching times. (Test circuit shown in Fig.20). 


292 




File No. 676 



Solid State 
Division 


Power Transistors 
2M61 06-2N61 1H, 2M©288-2W02©$, 

21M6473-2W647© 


Collector 

2N6106 2N6289 
2N6108 2N6291 
2N6110 2N6293 


^ Emitter 


Base 

TO-220AA 

H-1534R1 

Collector 

2N6107 2N6288 

j 

TO-220AB 

2N6109 2N6290 
2N6111 2N6292 

2N6475 2N6473 
2N6476 2N6474 
Emitter 

.... " ^ Collector 

- Base 

H-1535R1 


Epotaxoal-Base, Solicoai INI-P-M and P-W-P 
VERSAWATT Transistors 

General-Purpose Medium-Power Types for 
Switching and Amplifier Applications 

Features 

n Low saturation voltages ° Thermal-cycling ratings 

□ VERSAWATT package (molded ° Maximum safe-area-of-operation curves 

silicone plastic) specified for dc operation 

n Complementary n-p-n and p-n-p 
types 


RCA-2N61 06— 2N61 1 1 , 2N6288-2N6293, and 2N6473- 
2N6476 are epitaxial-base silicon transistors supplied in a 
VERSAWATT package. The 2N6288-2N6293, 2N6473, and 
2N6474° are n-p-n complements of p-n-p types 2N6106— 
2N6111, 2N6475, and 2N6476 n , respectively. All these 
transistors are intended for a wide variety of medium-power 
switching and amplifier applications, such as series and shunt 
regulators and driver and output stages of high-fidelity 
amplifiers. 

° Formerly RCA Dev. Nos. TA7784, TA8323, TA7783, TA8232, 
TA7782, TA8231 , TA8444, and TA8723, respectively. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

* COL LECTOR -TO- BASE VOLTAGE 
*COLLECTOR-TO- EMITTER VOLTAGE: 

With external base-supply resistance (Rgg) = 100^, 

and base supply voltage (Vg 0 > = 0 

With base open 

*EMITTER-TO-BASE VOLTAGE 

^COLLECTOR CURRENT (Continuous) 

At case temperature < 106°C 

*BASE CURRENT (Continuous) 

At case temperature < 130°C 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25° C 

* At case temperatures up to 1 00° C 

At ambient temperatures up to 25°C 

At case temperatures above 25°C 

* At case temperatures above 1 00° C 

At ambient temperatures above 25°C 

^TEMPERATURE RANGE: 

Storage and Operating (Junction) 

*LEAD TEMPERATURE (During Soldering): 

At distance > 1/8 in. (3.17 mm) from case for 10 s max. 

* In accordance with JEDEC registration data format (JS 6, RDF-2). 


The 2N6289, 2N6291, and 2N6293 n-p-n types and 2N6106, 
2N6108, and 2N6110 p-n-p devices fit into TO-66 sockets. 
The remaining types are supplied in the JEDEC TO-220AB 
straight-lead version of the VERSAWATT package. All of these 
devices are also available on special order in a variety of lead- 
form configurations. Detailed information on these and other 
VERSAWATT outlines is contained in "RCA's Lineup of 
Power Transistors" (PSP-704). 


0 Formerly RCA Dev. Nos. TA8210, TA7741, TA8211, TA7742, 
TA8212, TA7743, TA8445, and TA8722, respectively. 


N-P-N 

2N6288 

2N6289 

2N6290 

2N6291 

2N6292 

2N6293 

2N6473 

2N6474 

P-N-P 

2N61104 

2N61084 

2N61064 

2 N 647 54 

2 N 64764 


2N6im 

2N61094 

2N61074 



v CBO 

40 

60 

80 

110 

130 V 


V CEX 

40 

6.0 

80 

110 

130 

V 

V CEO 

30 

50 

70 

100 

120 

V 

V EBO 

5 

5 

5 

5 

5 

V 

*C 

7 

7 

7 

4 

4 

A 

■b 

3 

3 

3 

2 

2 

A 

P T 

40 

40 

40 

40 

40 

W 


16 

16 

16 

16 

16 

w 


1.8 

1.8 

1.8 

1.8 

1.8 

w 



Derate linearly at 0.32 W/°C, or see Fig. 2. 



Derate linearly at 0.32 W/°C 
Derate linearly at 0.0144 W/°C 


-« 65 to 150 ► °C 

235 ► °C 

4 For p-n-p devices, voltage and current values are negative 
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2N6106-2N61 11, 

2N6288-2N6293, — File No. 676 

2N6473-2N6476 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 25°C Unless Otherwise Specified 





TEST CONDITIONS 4 

LIMITS 







2N6292 

2N6290 







2N6293 

2N6291 



CHARACTERISTIC 

SYMBOL 

VOLTAGE 

CURRENT 

2N6106 4 

2N6108^ 

UNITS 




V dc 

A dc 

2N6107^ 

2N6109 4 





< 

o 

m 

V BE 

■c 

■b 

MIN. 

MAX. 

MIN. 

MAX. 



Collector-Cutoff Current: 












With external base-to-emitter 


75 




- 

0.1 

- 

- 



resistance (R BE ) = ^0 £2 

'CER 

55 




- 

- 

0.1 


mA 










With (R be ) = 100 12 and 


70 




- 

2 

- 

- 



T c = 1 50° C 


50 




_ 

- 

- 

2 


# 

With base-emitter junction 


75 

-1.5 



_ 

0.1 

_ 

_ 



reverse-biased 

'CEX 

56 

-1.5 



- 

- 

- 

0.1 

mA 

* 

With base-emitter junction 










reverse-biased and 


70 

-1.5 



- 

2 

- 

- 



T c = 1 50° C 


50 

-1.5 



- 

- 

- 

2 


- 

With base open 

'CEO 

40 

60 



0 

0 

~ 

1 

- 

1 

mA 

* 

Emitter-Cutoff Current 

'ebo 


-5 

0 


- 

1 

- 

1 

mA 


Collector-to-Emitter Sustaining 












Voltage: 











* 

With base open 

v CEO (sus) 



0.1 a 

0 

70 

- 

50 

- 

V 


With external base-to-emitter 












resistance (Rgg) = 10012 

V C er( sus ) 



0.1 


80 

- 

60 

- 

V 




4 


2 a 


30 

150 

- 

_ 


* 

DC Forward-Current 

h FE 

4 


2.5 a 


- 

- 

30 

150 



Transfer Ratio 

4 


7 a 


2.3 

- 

2.3 

- 


* 

Base-to-Emitter Voltage: 












2N6292, 2N6293 


4 


2 a 


- 

1.5 

- 

- 



2N6290, 2N6291 

V BE 

4 


2.5 a 


- 

- 

- 

1.5 

V 


All Types 


4 


7 a 


- 

3 

- 

3 







2 a 

0.2 

_ 

1 

_ 

_ 


* 

Collector-to-Emitter 

VcE<sat) 



2.5 a 

0.25 

_ 

_ 

_ 

1 

V 


Saturation Voltage 



7 a 

3 a 

- 

3.5 

- 

3.5 

* 

Common-Emitter, Small-Signal, 












Forward Current Transfer Ratio: 












f = 50 kHz 

hfe 

4 


0.5 


20 

- 

20 

- 



Gain-Bandwidth Product: 












2N6290-2N6293 

*T 

4 


0.5 


4 

_ 

4 

_ 

MHz 


2N6106-2N61 09 

-4 


-0.5 


10 

- 

10 

- 


* 

Magnitude of Common- 












Emitter, Small-Signal, 












Forward-Current Transfer 












Ratio: 












f = 1 MHz 

1 hfe 1 











2N6290-2N6293 

1 

4 


0.5 


4 

- 

4 

- 



2N6106-2N6109 


-4 


-0.5 


10 

- 

10 

- 


* 

Collector-to-Base Capacitance: 












f = 1 MHz, V CB = 10 V 

^obo 



0 


- 

250 

- 

250 

pF 


Thermal Resistance: 












Junction-to-Case 

R 0JC 





- 

3.125 

- 

3.125 

°c/w 


Junction-to- Ambient 

R 0JA 





- 

70 

- 

70 


a Pulsed: Pulse duration = 300 ps, duty factor = 0.018. 4 For p-n-p devices, voltage and current values are negative. 

*ln accordance with JEDEC registration data format (JS-6 RDF-2). 

CAUTION: The sustaining voltage VQgp(sus) MUST NOT be measured on a curve tracer. 
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File No. 676 


2N6106-2N61 11, 
2N6288-2N6293, 
2N6473-2N6476 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25°C Unless Otherwise Specified 



CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS* 

LIMITS 

UNITS 

VOLTAGE 

Vdc 

CURRENT 

A dc 

2N6288 

2N6289 

2N6110* 

2N6111* 

V CE 

V BE 

'c 

'b 

MIN. 

MAX. 

MIN. 

MAX. 


Collector-Cutoff Current: 












With external base-to-emitter 












resistance (R BE ) = 100 12 

'CEX 

35 




- 

0.1 

- 

-0.1 

mA 


With (R be ) = 100 12 and 











T c = 150°C 


30 




- 

2 

- 

-2 


* 

With base-emitter junction 












reverse-biased 

'CEX 

37.5 

-1.5 



- 

0.1 

- 

-0.1 

mA 

* 

With base-emitter junction 












reverse-biased and 












Tq = 1 50° C 


30 

-1.5 



- 

2 

- 

-2 


* 

With base open 

'CEO 

20 



0 

- 

1 

- 

-1 

mA 

* 

Emitter-Cutoff Current 

'ebo 


5 

0 


- 

1 

- 

-1 

mA 


Collector-to-Emitter 












Sustaining Voltage: 











* 

With base open 

V CE o( sus ) 



0.1 a 

0 

30 

- 

-30 

- 

V 


With external base-to 












emitter resistance 

v cer( sus ) 



0.1 


40 

- 

-40 

- 

V 


(R be ) = 10012 











* 

DC Forward Current 


4 


3 a 


30 

150 

30 

150 



Transfer Ratio 

h FE 

4 


7 a 


2.3 

- 

2.3 

- 


* 

Base-to- Emitter Voltage: 












2N6288, 2N6289 

V BE 

4 


3 a 


- 

1.5 

- 

- 

V 


All Types 


4 


7 a 


- 

3 

- 

3 


*. 

Col 1 ector-to- Emitter 

V CE (sat) 



3 a 

0.3 

_ 

1 

- 

-1 



Saturation Voltage 



7 a 

3 

- 

3.5 

- 

-3.5 

V 

* 

Common-Emitter, Small- 












Signal, Forward-Current 












Transfer Ratio: 












f = 50 kHz 

hfe 

4 


0.5 


20 

- 

20 

- 



Gain-Bandwidth Product: 












2N6288-2N6289 

f T 

4 


0.5 


4 

- 

- 

- 

MHz 


2N61 10-2N61 1 1 


-4 


-0.5 


- 

- 

10 

- 


* 

Magnitude of Common- 












Emitter, Small-Signal, Forward- 












Current Transfer Ratio: 












f = 1 MHz 

h fe 1 











2N6288-2N6289 

1 1 

4 


0.5 


4 

- 

- 

- 



2N61 10-2N61 1 1 


-4 


-0.5 


- 

- 

10 

- 


* 

Collector-to-Base Capacitance: 












f=1 MHz, V CB =10 V 

^obo 



0 


- 

250 

- 

250 

pF 


Thermal Resistance: 












Junction-to-Case 

R 0JC 





- 

3.125 

- 

3.125 

°C/W 


Junction-to- Ambient 

R 0JA 





- 

70 

- 

70 



a Pulsed: Pulse duration = 300 ps, duty factor = 0.018. *For p-n-p devices, voltage and current values are negative. 

*ln accordance with JEDEC registration data format (JS-6 RDF-2). 

CAUTION: The sustaining voltage Vq EB (sus) MUST NOT be measured on a curve tracer. 
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2N6101-2N6111, 

2N6288-2N6293, 

2N6473-2N6476 


File No. 676 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25°C Unless Otherwise Specified 





TEST CONDITIONS^ 

LIMITS 




SYMBOL 

VOLTAGE 

CURRENT 

2N6474 

2N6473 



CHARACTERISTIC 

Vdc 

A dc 

2N6476^ 

2N6475 4 




23 


rai 

mm 







Collector-Cutoff Current: 












With external base-to-emitter 


120 




- 

0.1 

- 

- 



resistance (Rb£) = 100£2 

>CER 

100 




- 


- 

0.1 

mA 


With (R be ) = lOOfi and 

120 




- 

2 

- 

- 



T c = 100°C 


100 




- 

- 

- 

2 


* 

With base-emitter junction 


120 

-1.5 



- 

0.1 

- 

- 



reverse-biased 

'CEX 

100 

-1.5 



- 

- 

- 

0.1 

mA 

* 

With base-emitter junction 











reverse-biased and 


120 

-1.5 



- 

2 

- 

- 



T c = 100°C 


100 

-1.5 



■ - 

- 

- 

2 





60 



0 


1 





With base open 

'CEO 

50 



0 

- 


- 

1 

mA 

* 

Emitter-Cutoff Current 

•ebo 


-5 

0 


- 

1 

- 

1 

mA 


Collector-to-Emitter Sustaining 












Voltage: 

v CEO< sus) 









V 

* 

With base open 




0.1 a 

0 

120 

- 

100 

- 



With external base-to 












emitter resistance 












(R be ) = ioo n 

v CER< sus) 



0.1 


130 

- 

110 

- 

V 

* 

DC Forward-Current 


4 


1.5 a 


15 

150 

15 

150 



Transfer Ratio 

h FE 

2.5 


4 a 


2 

- 

2 

- 


* 

Base-to-Emitter Voltage 

V BE 

4 

2.5 


1.5 a 

4 a 


_ 

2 

3.5 

- 

2 

3.5 

V 

* 

Collector-to-Emitter 

v CE< sat ) 



1.5 a 

0.15 

_ 

1.2 

_ 

1.2 



Saturation Voltage 



4 a 

2 

- 

2.5 

- 

2.5 



Common-Emitter, Small- 












Signal, Forward-Current 












Transfer Ratio: 
f = 50 kHz 

tye 

4 


0.5 


20 

- 

20 

- 



Gain-Bandwidth Product: 












2N6473, 2N6474 

*T 

4 


0.5 


4 

- 

4 

- 

MHz 


2N6475, 2N6476 


-4 


-0.5 

! 

10 

- 

10 




Magnitude of Common- 












Emitter, Small-Signal, 












Forward-Current Transfer 
Ratio: 

f = 1 MHz 

| hfe | 











2N6473, 2N6474 

4 


0.5 


4 

- 

4 

- 



2N6475, 2N6476 


-4 


-0.5 


10 

- 

10 

- 



Collector-to-Base Capacitance: 












f= 1 MHz, V CB = 10 V 

^obo 



0 


- 

250 

_ 

250 

pF 


Thermal Resistance : 












Junction-to-Case 

R 0JC 





- 

3.125 


3.125 

°C/W 


Junction-to-Ambient 

R 0JA 





- 

70 

- 

70 



a Pulsed: Pulse duration = 300 jus, duty factor = 0.01 8. ♦For p-n-p devices, voltage and current values are negative. 

*ln accordance with JEDEC registration data format (JS-6 RDF-2). 

CAUTION: The sustaining voltage Vq EB (sus) MUST NOT be measured on a curve tracer. 
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2N6106-2N61 11, 

2N6288-2N6293, Fi,e No - 676 

2N6473-2N6476 



COLLECTOR -TO -EMITTER VOLTAGE (V C e)"V 

92CS-22524 


Fig. 4 — Maximum operating areas for 2N6473 and 2N6474. 




Fig. 5 — Maximum operating areas for 2N6288 — 2N6293. 


Fig. 6 — Maximum operating areas for 2N6473 — 2N6474. 
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COLLECTOR CURRENT (I c )- A 


File No. 676 


2N6106-2N61 1 1 
2N6288-2N6293 
2N6473-2N6476 



COLLECTOR -TO -EMITTER VOLTAGE (V CE )-V 


92CS-22527 


Fig. 7 — Maximum operating areas for 2N6475 — 2N6476. 




COLLECTOR CURRENT (I C )-A 92C s-22529 

Fig. 9 — Typical gain-bandwidth product for 2N6106 — 2N61 1 1 , 
2N6475, and 2N6476. 


Fig. 8 — Maximum operating areas for 2N6475 and 2N6476. 








2N6106-2N61 1 1, 
2N6288-2N6293, 
2N6473-2N6476 




8| I C (MAX.) CONTINUOUS SS 
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EZZI3^SllZl (2N6II0, 2N6III) 


V CE0 (MAX.) = -50 V 
Illl (2N6I08, 2N6I09) 


C0LLECT0R-T0-EMITTER VOL 

Fig. 10 — Maximum operating areas ft 
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File No. 676 



BASE-TO- EMITTER VOLTAGE (V BE )-V 

92CS-2253I 


Fig. 25 — Typical input characteristics for 2N6288 — 2N6293. 


2N6106-2N61 11, 
2N6288-2N6293, 
2N6473-2N6476 



o.l 0.5 I 1.5 2 

BASE-TO- EMITTER VOLTAGE ( V QE ) — V 

92CS-22532 


Fig. 26 — Typical input characteristics for 2N6473 and 2N6474. 



Fig. 27 — Typical input characteristics for 2N6106 — 2N61 1 1, 
2 N 647 5, and 2N6476. 


TERMINAL CONNECTIONS 
JEDEC TO-220AA 

Lead No.1 - Base 

Stub - Do not use stub as tie point. 
Lead No. 3 — Emitter 
Mounting Flange - Collector 

TERMINAL CONNECTIONS 
JEDEC TO-220AB 

Lead No.1 — Base 
Lead No. 2 - Collector 
Lead No. 3 - Emitter 
Mounting Flange — Collector 




8 COLLECTOR-TO-EMITTER VOLTAGE 

(v CE )-v 

92CS-2254I 

Note: Curve will be inverted and polarity reversed for p-n-p types. 
The sustaining voltage, VQ^p(sus), is acceptable when the 
traces fall to the right and above the designated points: 

Point A: 2N6110, 2N61 1 1, 2N6288, 2N6289 
Point B: 2N6108, 2N6109, 2N6290, 2N6291 
Point C: 2N6106, 2N6107, 2N6292, 2N6293 
Point D: 2N6475, 2N6473 
Point E: 2N6476. 2N6474 


Fig. 28 — Circuit used to measure sustaining voltage Vq ER (sus) 
for all types. 


Fig. 29 — Oscilloscope display for measurement of sustaining voltage 
(test circuit shown in Fig. 28). 
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File No. 508 


Solid State 
Division 


Power Transistors 

2N6175 40885 

2N6176 40886 

2N6177 40887 



High-Voltage, Medium- Power 
Silicon N-P-N Transistors 

For High-Speed Switching and Linear-Amplifier Applications 


Features 

“ Thermal fatigue ratings 
o High frequency response: fy = 20 MHz 

■ Maximum area-of-operation curves for DC and pulse operation 

■ Designed to assure freedom from second breakdown in class A, B, 
and C operation at maximum ratings 


RCA types 2N6175, 2N6176, and 2N6177* are silicon 
n-p*n transistors with high breakdown voltages, high fre- 
quency response, and fast switching speeds. Types 40885, 
40886, and 40887 are electrically identical to the 2N6175— 
2N6177, respectively, but are supplied with factory-attached 
heat clips. 

Typical applications for these devices include TV video 
output, RGB output, chroma output, TV blanking, solenoid 
drivers, off-line inverters, regulators, audio output, and 
electrostatic deflection in display circuits. 

•Formerly Dev. Nos. TA7739, TA7740and TA7134, respectively. 


■ High voltage ratings: 

VcEO(sus) = 350 V max. (2N6177, 40887) 
= 300 V max. (2N6176, 40886) 
= 250 V max. (2N6175, 40885) 
i Low saturation voltage: 

VcE( sat ) = 0-5 V max. 

TERMINAL CONNECTIONS 

Lead 1 — Emitter 
Lead 2 — Base 
Lead 3 — Collector 




2N6175 

2N6176 

2N6177 


MAXIMUM RATINGS, Absolute-Maximum Values: 


40885 

40886 

40887 


•COLLECTOR-TO-BASE VOLTAGE 

v CB0 

300 

350 

450 

V 

•COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE 

V C eq(sus) 

250 

300 

350 

V 

•EMITTER-TO-BASE VOLTAGE 

v EBO 

6 

6 

6 

V 

•COLLECTOR CURRENT 

'c 

1.0 

1.0 

1.0 

A 

•BASE CURRENT 

>B 

0.5 

0.5 

0.5 

A 

•TRANSISTOR DISSIPATION 

PT 





At case temperatures up to 25°C 


20 

20 

20 

W 



(2N6175, 2N6176, 2N6177) 


At case temperatures above 25°C 



See Fig. 14 



At ambient temperatures up to 25°C 

. . 

0.8 

0.8 

0.8 

W 



(2N6175, 2N6176, 2N6177) 




1.4 

1.4 

1.4 

W 


At ambient temperatures above 25 C 

For pulse operation 

•TEMPERATURE RANGE: 

Storage & Operating (Junction) 

•LEAD TEMPERATURE (During soldering): 

At distance >1/16 in. (1 .59 mm) from case for 10 s max •«< 

•Types 2N6175, 2N6176, and 2N6177 in accordance with JEDEC registration data format JS-9 RDF-8. 


(40885. 40886. 40887) 
See Fig. 15 
See Figs. 1,4, and 7 
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2N6175— 2N6177, 40885-40887 


File No. 508 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T q) = 25° C 




TEST CONDITIONS 

LIMITS 






CUR- 

2N6175 

2N6176 

2N6177 


CHARACTERISTIC 

SYMBOL 

VOLTAGE 

RENT 

40885 

40886 

40887 

UNITS 



V 

dc 

mA dc 










V CB 

V CE 

•c 

•b 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


Collector-Cutoff Current: 

•CEO 


300 


0 

- 

- 

- 

- 

_ 

20 


With base open 


200 


0 

- 

50 

- 

50 

- 

- 




360 




- 

- 

- 

- 

- 

20 


With emitter open 

'CBO 

280 




- 

- 

- 

50 

- 

- 

pA 



240 




- 

50 

- 


- 

- 


With base-emitter 



450 








500 


junction reverse- 
biased, V BE = -1.5 V 

>CEV 


300 



- 

500 

- 

500 

- 



Emitter-Cutoff Current. 

V BE = -6V 

'EBO 



0 


- 

20 

- 

20 

- 

20 

pA 




10 

50a 


- 

- 

- 

- 

30* 

150 





10 

20 a 


30* 

190 

30* 

150 

_ 

_ 


DC Forward-Current Transfer 

h FE 


10 

5 a 




15 

_ 

15 

_ 


Ratio 



10 

1 a 


15 

- 

- 

- 

- 

- 


Collector-to-Emitter 













Sustaining Voltage: 

With base open 

v CEO (sus) 



50 a 

0 

250 b 


300 b 

- 

350 b 

- 

V 





aJ 









Saturation Voltage 

V BE (sat) 



50- 

4 

" 

1.3 

" 

1.3 


1.3 

V 

Collector-to-Emitter 













Vc E (sat) 



50 

4 


0.5 


0.5 


0.5 

V 

Saturation Voltage 












Collector-to-Base 

v (BR)CBO 





300 







Breakdown Voltage 



1 



350 


450 


V 

Low-Frequency. Common- 













Emitter, Small-Signal, 
Short-Circuit, Forward- 
Current Transfer Ratio 

h fe 


10 

5 


25 

- 

25 

- 

25 

- 


f = 1 kHz 













Magnitude of Common- 













Emitter, Small-Signal, 
Short-Circuit, Forward- 
Current Transfer Ratio 

M 


20 

20 


7 

- 

7 

- 

7 

- 


f = 3 MHz 













Real Part of Common- 













Emitter, Small-Signal, 



20 

20 



300 





n 

Short-Circuit Input 

Impedance: 

Re(hj e ) 


10 

5 


- 


- 

300 

- 

300 

f = 1 MHz 













Output Capacitance: 

^cb 

20 




- 

8 

- 

8 

- 

8 

pF 

f = 1 MHz 













Second-Breakdown 













Collector Current: 

i h 


150 










With base forward biased. 

‘S/b 




133 


133 

- 

133 

- 

mA 

t = 0.4 s nonrepetitive 













Thermal Resistance: 

R 0JC 





_ 

5.5 

_ 

5.5 

_ 

5.5 


Junction-to-Case 





(2Nj 

5175) 

(2N6176) 

(2N6177) 









138 


138 


138 


Junction- to- Ambient 

r 0ja 





(2N6175) 

(2N6176) 

(2N6177) 

°c/w 






- 

78.6 


78.6 


78.6 








(40885) 

(40886) 

(40887) , 



* T ypes 2N61 75, 2N61 76. and 2N61 77 in accordance with JE DEC registration data format JS-9 RDF-8. 
a Pulsed Pulse duration = 300 ps; duty factor 2%. 

^CAUTION: The sustaining votlage Vqeo^ sus I MUST NOT be measured on a curve tracer. The 
sustaining voltage should be measured by means of the test circuit shown in Fig. 10 




2N6175-2N6177, 40885-40887 


File No. 508 



COLLECTOR-TO-EMITTER VOLTAGE (V CE )— V 


Fig. 1— Maximum safe-operation-areas for types 2N6175, 
2N6176, and 2N6 1 77. 


92SS — 4405RI 



92CS- 19235 


Fig.2- Thermal-cycling rating chart. 



Fig.3— Typical DC-beta characteristics for all types. 
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. 2N61 75— 2N61 77, 40885-40887 


I r MAX. (CONTINUOUS) 



Tltttirrr 

4 0 0 


COLLECTOR -TO -EMITTER VOLTAGE (V CE )— V 

Fig. 4— Maximum safe area-of-operation at ambient temperature 
for types 2N6175, 2N6176, and 2N6177. 



COLLECTOR CURRENT (I c ) — mA 

92LS-I598 


2 

COLLECTO 

R-TO- 

-EMITTER VOLTAGE t 



Of 

| §1 

j§ ISS: | 

< 

E 1.6 



ill 

^ | jjjjjjj: | 

1 

"m 1.4 

M 

H 1.2 

z 

bJ 

gj 1 

W 08 


W 

m. 

u itz: 

III 

I 1 1 

m 0.6 

0.4 

0.2 


* 

ill 

y » 


ij 


!!!! 1 ml 


0.4 0.6 OB I 

BASE-TO-EMITTER VOLTAGE (V BE )-V 

92CS- 19237 


Fig. 5- Typical gain-bandwidth product for all types. Fig. 6- Typical input characteristics for all types. 
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COLLECTOR — TO- EMITTER VOLTAGE (V CE )— V 

92LS-I600 


Fig. 8-Typica! output characteristics for all types. 


BASE- TO- EMITTER VOLTAGE (V BE ) — V 9ZLS-I597 


Fig. 9-Typical transfer characteristics for all types. 
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2N6175— 2N6177, 40885-40887 


+ V CC (O TO 50V 100 mA) 



HEWLETT-PACKARD 
OSCILLOSCOPE 
MODEL I30B 
OR EQUIVALENT 


92SS-4400RI 


Fig. 10- Ci rcuit used 
VcEO(sus). 


to measure sustaining voltage. 



The sustaining voltage VcEO( sus ) ,s acceptable when the 
trace falls to the right and above point "A" for type 2N6175 
or 40885. The trace must fall to the right and above point 
" B " for type 2N6177 or 40887 and above and to the right of 
point "C" for type 2N6176 or 40886. 

Fig. 1 1 -Oscilloscope display for measurement of sustaining 
voltages (test circuit shown in Fig. 9). 



EXTERNAL BASE-TO-EMITTER RESISTANCE (R B e) 


92CS-25088 

Fig. 12— Sustaining voltage vs. base-to-emitter 
resistance for all types. 



Fig. 14-Dissipation derating curve for all types. 



COLLECTOR-TO-BASE VOLTAGE (V CB ) - V 92SS-M07 


Fig.1 3— Typical output capacitance vs collector-to-base vol- 
tage for all types. 



Fig. 1 5— Dissipation derating curves for all types. 
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□GQB//D 

Solid State 
Division 


Power Transistors 

2N6178 2N6180 
2N6179 2N6181 



Silicon N-P-N & P-N-P 
Power Transistors 

"Plastic TO-5" General-Purpose Types for 
Large-Signal, Medium-Power Applications 

Features: 

■ Maximum area-of-operation curves 

■ Planar construction for low-noise and low-leakage characteristics 

■ Low saturation voltage (2N6178, 2N6180) 

■ High beta (2N6179, 2N6181) 

■ Fast switching (2N6178, 2N6179) 

■ "Plastic TO-5" package with insulated mounting hole 


RCA types 2N6178, 2N6179, 2N6180, and 2N6181* are 
silicon power transistors intended for large-signal, medium- 
power applications in industrial and commercial equipment. 

The 2N6178 and 2N6179 are triple-diffused silicon n-p-n 
planar types. These types have features similar to the 
popular 2N2102 plus higher collector-current ratings and 
dissipation capability. 

Types 2N6180 and 2N6181 (p-n-p complements of the 
2N6178 and 2N6179, respectively) are double-diffused, 
epitaxial-planar devices. These types have features similar to 
the 2N4036 plus higher collector-current ratings and dissi- 
pation capability. 

MAXIMUM RATINGS, Absolute-Maximum Values: 


•COLLECTOR-TO-BASE VOLTAGE V CB0 

COLLECTOR-TO-EMITTER VOLTAGE: 

* With 1.5 volts (V BE ) of reverse bias VqeX 

With external base-to-emitter resistance 

(Rbe) = 100n. sustaining VcerI sus ) 

With base open, sustaining Vq^qIsus 

•EMITTER-TO-BASE VOLTAGE V EB0 

•CONTINUOUS COLLECTOR CURRENT I C 

•CONTINUOUS BASE CURRENT I B 

•TRANSISTOR DISSIPATION: P T 


At case temperatures up to 25°C 

At case temperatures above 25°C 

At case temperatures up to 100°C 

At case temperatures above 100°C 

•TEMPERATURE RANGE: 

Storage and operating (Junction) 

•LEAD TEMPERATURE (During soldering): 

At distance _>1/32 in (0.8 mm) from 
seating plane for 10 s max 

*ln accordance with JEDEC registration data format JS-6/RDF-1- 


TERMINAL CONNECTIONS 
Lead 1 — Emitter 
Lead 2 — Base 
Lead 3 — Collector 
Rectangular Metal Slug-Collector 

In addition, these types utilize the new RCA-developed 
"Plastic TO-5” package. This plastic package has an insu- 
lated mounting hole for ease of mounting and heat sinking 
for optimum thermal contact. 


• Formerly RCA Dev. Nos. TA7554-TA7557, respectively. 


2N6179 

2N6181 

2N6178 

2N6180 


75 

-75 

100 

-100 

V 

75 

-75 

100 

-100 

V 

65 

-65 

90 

-90 

V 

50 

-50 

75 

-75 

V 

5 

-5 

7 

-7 

V 

2 

-2 

2 

-2 

A 

1 

-1 

1 

-1 

A 

25 

25 

25 

25 

W 


See Figs. 1, 

2, & 3 



10 

10 

10 

10 

W 


See Figs. 3, 

4, & 5 






°c 



. 230 


°c 


310 
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File No. 562 


2N6178-2N6181 


ELECTRICAL CHARACTERISTICS, at case temperature (Tq) =25°C, unless otherwise specified. 




TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 

SYMBOL 

DC 


DC 

Current 

Type 

Type 

Type 

Type 

UNITS 




(V) 


(mA) 

2N6178 

2N6179 

2N6180 

2N6181 



V CB 

< 

o 

m 

V BE 

'c 

'B 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 




80 





_ 

0.5 

_ 

_ 

_ 

_ 

_ 

_ 


Collector-Cutoff Current 

'CBO 

60 





- 

- 

- 

0.5 

- 

- 

- 

- 

mA 

With emitter open 

-80 





- 

- 

- 

- 

- 

-0.5 

- 

- 



-60 





- 

- 

- 

- 

- 

- 

- 

-0.5 





60 



0 

- 

1 

_ 

_ 

_ 

_ 

_ 

_ 





45 







1 






With base open 

'CEO 


-60 



0 

_ 

_ 

_ 


_ 

-1 



mA 




-45 



0 

- 

- 

- 

- 

- 


- 

-1 





100 

-1.5 



_ 

0.1 

_ 

_ 

_ 

_ 

_ 

_ 


With base reverse-biased 



75 

-1.5 



- 

- 

- 

0.1 

- 

- 

- 

- 


'CEV 


-100 

-75 

1.5 

1.5 



- 

_ 

_ 

_ 

_ 

-0.1 

_ 

-0.1 

mA 





70 

-1.5 



_ 

0.5 

_ 

_ 

_ 

_ 

_ 

_ 



With base reverse-biased 



45 

-1.5 



_ 

_ 

_ 

0.5 

_ 

_ 

_ 

_ 


and T C = 100°C 



-70 

1.5 



- 

- 

_ 

_ 

- 

-0.5 

' _ 

_ 





-45 

1.5 



- 

- 

- 

- 

- 

- 

- 

-0.5 






-7 

0 


_ 

0.1 

_ 

_ 

_ 

_ 

_ 

_ 


Emitter-Cutoff Current 

'EBO 



-5 

7 

0 

0 


- 

- 

- 

0.1 

- 

-0.1 

- 

- 

mA 





5 

0 


- 

- 

_ 

- 

- 


- 

-0.1 



v (BR)EBO 




0 


7 


5 







Voltage 0 e = O- 1 mA ) 




0 



- 


- 

-7 

- 

-5 

- 

V 

Collector-to-Emitter 
















Breakdown Voltage: 

V (BR)CEV 



-1.5 

0.1 


100 


75 







With base-emitter 
junction reverse-biased 



1.5 

-0.1 





- 

-100 

- 

-75 


V 


With base open 

v (BR)CEO 




100 

-100 

0 

0 

75 

" 

50 

- 

-75 

- 

-50 


V 

Collector-to-Emitter 
















Sustaining Voltage: 





100 

-100 


90 


65 







With external base-to- 
emitter resistance 

(R B e> “ ioo n 

v CER< sus > a 






- 

-90 

- 

-65 

- 

V 






With base open 

v CEO (sus ' a 




100 

-100 

0 

0 

75 

- 

50 


-75 

- 

-50 

- 

V 

Collector-to-Emitter 

Saturation Voltage 

VcE(sat) 




500 

-500 

50 

-50 

- 

0.5 

- 

0.8 

- 

-0.7 

- 

-1.2 

V 

Base-to-Emitter Saturation 

V BB (sat) 




500 

50 


1.2 


1.5 






Voltage 




-500 

-50 

- 


- 


- 

-1.2 

- 

-1.5 

V 

Output Capacitance 

c 

10 





12 

20 

12 

20 

_ 

_ 

_ 

_ 

PF 

(At 1 MHz) 

obo 

-10 





- 

- 

- 

- 

25 

40 

25 

40 




4 


50 


_ 

_ 

30 

_ 

- 

_ 

_ 

_ 





-4 


-50 


- 

- 

- 

- 

- 

- 

30 

- 


DC Forward-Current Transfer 

h F £ 


2 


500b 


30 

130 

40 

250 

_ 

_ 

_ 

_ 


Ratio 


-2 


-500b 


_ 

_ 

_ 

_ 

30 

130 

40 

250 





2 


1000b 


10 

_ 

_ 

_ 

_ 

_ 

_ 

_ 





-2 


-1000b 


- 

- 

- 

- 

10 

- 

- 

- 


Second-Breakdown Collector 



vcc= 













Current c » d 

'S/b 


50 




200 

- 

200 

- 


- 



mA 

(With base forward-biased) 


-50 




~ 


— 

— 

— 1 50 

— 

—1 50 

— 


Gain-Bandwidth Product 

f T 


4 


50 


50 

- 

50 

- 

- 

- 

- 

- 

MHz 




-4 


-50 


- 

- 

•- 

- 

50 

- 

50 

- 

Magnitude of Common 
















Emitter, Small-Signal, Short- 



4 


50 


5 

_ 

5 

_ 

_ 


_ 

_ 


Circuit Forward-Current 
Transfer Ratio (f = 10 MHz) 


-4 


-50 



- 


- 

5 

i 

5 

- 




Chart continued on page 3. 
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CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 


DC 

Current 

(mA) 

Type 

2N6178 

Type 

2N6179 

Type 

2N6180 

Type 

2N6181 

VCB 

< 

O 

m 

Vbe 

•c 

<B 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Saturated Switching Time: 

(See Fig. 30 & 31) 

Turn-on Time 

*on 



■ 


50 

-50 

- 

80 

- 

80 

- 

100 

- 

100 

ns 

Turn-off Time 


■ 


1 


50 

-50 

- 

800 

- 

800 

- 

1000 

- 

1000 

ns 

Thermal Resistance: 
Juncrion-to-Case 

m 



■ 



- 

5 


5 


5 

- 

5 

°c/w 

Junction-to- Ambient 

r 0JA 



■1 




156 


156 

- 


- 

156 

°C/W 


* In accordance with JEDEC registration data format JS-6/RDF-1 . 

a CAUTION: The sustaining voltages Vqe 0^ sus ^ ant * V CER^ SUS ^ MUST 
NOT be measured on a curve tracer, 
b Pulsed; pulse duration < 300 ps, duty factor <^0.02. 


c Safe operating regions for forward-bias operation are shown on Figs. 1, 
2, 4, and 5. 

d Pulsed: 0.4s, non-repetitive pulse. 


N-P-N 



92SS-4 162RI 


Fig. 1 —Maximum operating areas for 
2N6178 and 2N6179 at Tc=25°C. 



92SS-416 1 R I 


P-N-P 



C0LLECT0R-T0-EMITTER VOLTAGE (V CE )-V 

92SS-4159RI 

Fig. 2— Maximum operating areas for 
2N6180 and 2N6181 at T C =25°C. 


N-P-N 



92CS-I9892 


Fig.3— Derating curves for all types. 


Fig.4-Maximum operating areas for 
2N6 178 and 2N6 179 at Tc=100°C. 















COLLECTOR CURRENT (I C )- 
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2N6178— 2N6181 


P-N-P 



_ t i rn " 









ic 

MAX. 

(CONTINUOUS) 

















\ 

s 




































DC OPERATION ^ 
(DISSIPATION-LIMITED) 



> 

i. 











n 


Jr 

j\ 



CASE ' 

in 

FEMPERATURE 

(T c ) = IO 

3°C 


































V 










i 




V 










CE0 MAXf-D 
(2N6I8I) 

3 

V 

\ 








V CE0 MAX.'-75 V 

| (2N6I80) | 

f 

11 


COLLECTOR-TO-EMITTER VOLTAGE (V C £) — V 

92CS-I9893 



NUMBER OF THERMAL CYCLES 


Fig. 5— Maximum operating areas for 
2N6180 and 2N6181 at Tc=100°C. 


Fig.6— Thermal-cycling rating chart for all 
types. 


N-P-N 



0.4 0.5 0.6 0.7 , 0.8 0.9 

BASE-TO-EMITTER VOLTAGE (V BE )- V 


92CS — I500IRI 

Fig. 7— Typical input characteristics for 
2N6178 and 2N6179. 

N-P-N 



COLLECTOR-TO-EMITTER VOLTAGE ( V CE ) — V 


92CS-I5006RI 

Fig.9— Typical output characteristics for 
2N6178 and 2N6179. 



-0.4 -0.5 -0.6 -0.7 -0.8 

BASE-TO-EMITTER VOLTAGE (V BE )-V 

92CS-I5000RI 


Fig.8— Typical input characteristics for 
2N6180 and 2N6181. 


N-P-N 



92CS-I5003RI 

Fig. 10— Typical transfer characteristics for 
2N6 178 and 2N61 79. 
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2N6178— 2N6181 


P-N-P 



EXTERNAL BASE-TO-EM ITTER RESISTANCE (R B £> « 


92CS-I9899 

Fig. 1 7— Collector-to-emitter sustaining vol- 
tage characteristics for 2N6180 
and 2N6181. 



POINTS "B" FOR TYPE 2N6178, TO THE LEFT AND BELOW POINTS "C" FOR TYPE 
2N6181 , AND POINTS "O'' FOR TYPE 2N6180. 

Fig. 18— Oscilloscope display for measure- 
ment of sustaining voltages (test 
circuit shown in Fig. 15). 


N-P-N 


1 4 

0 

< 2 

cr 

u. 

1 l0 - 

COLLECTOR-TO-EMITTER VOLTAGE IV C e)=4V 


















50° 

C 



N 

N 
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— 



H 8 

z e 

cr 

cr 

Z5 4 

O H 

0 
cr 

1 

8 2 

O 

Q 

10 



— 



T 



N 








1 







AMB 

IENT 

TEN 

iPE 

L 

LRATURE 

(T A )=25 

“C 



\ 








i 





I0 3 2 


COLLECTOR CURRENT (I c )-mA 

92CS-I990I 


P-N-P 



Fig. 19— Typical dc beta characteristics for 
2N61 78 and 2N6179. 


Fig.20— Typical dc beta characteristics for 
2N6180 and 2N6181. 


N-P-N 



Fig.21 —Typical gain-bandwidth product 
for 2N6178 and 2N6179. 


N-P-N 



COLLECTOR-TO-BASE VOLTAGE (V CQ )— V 

92CS-I99G4 

Fig.22— Typical output capacitance vs. col- 
lector-to-base voltage for 2N61 78 
and 2N6179. 
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P-N-P 



Fig. 23— Typical output capacitance vs. col- 
lector -to -base voltage for 2N6180 
and 2N6181. 


N-P-N 



92CS-I9907 


Fig. 25— T ypical turn-on time for 2N 61 78 
and 2N6179. 


P-N-P 


COLLECTOR-TO-EMITTER VOLTAGE {V CE ) = -IOV 
CASE TEMPERATURE (T C )= 25° C 



COLLECTOR CURRENT (I c ) — mA 

92 CS- 19 906 

Fig.24— Typical gain -bandwidth product 
for 2N6180 and 2N6181. 


P-N-P 


50 

Ills 111!!! 





g 


:: j:M| Me 



::^W| [|:H| ttf h 

jjj 30 

tttt lii" : ^ = = : ^ 4 1 = = : ill - ^ : : = - : = : : 

--11 [)] Hi 1 iH~l 1 

z 

o 

£ 20 
=> 

10 

35 PULSE DURATION *20/15 

Sff REPETITION RATE * 1 KHz 

iiipiilii 

m COLLECTOR SUPPLY VOLTAGE t V C C 30V 

ggl B |*Ic/IO I:::::::::::::: 

fttf CASE TEMPERATURE (T C )'25°C ::::::::::::::: 

■iiilii 

ll!- 


0 -200 -400 -600 -800 -1000 

COLLECTOR CURRENT (I c )— mA 

92CS-I9908 


Fig.26— Typical turn-on time for 2N6180 
and 2N6181. 


N-P-N 



Fig.27— Maximum operating conditions, 
resistive-load switching between 
saturation and cutoff for 2N6178 
and 2N6179. 


N-P-N 



Fig. 28— Typical turn-off time for 2N6178 
and 2N61 79. 
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2N6178— 2N6181 



Fig. 29— Typical turn-off time for 2N6180 
and 2N6181. 


P-N-P 



Fig.30— Maximum operating conditions , 
resistive-load switching between 
saturation and cutoff for 2N6180 
and 2N61 81. 



♦ FOR 2N6I80 OR 2N6I8I, REVERSE DIRECTION OF X Q AND I B AND REVERSE 
POLARITY OF Vg B AND V cc AND CAPACITORS 2 

AI B| AND Ig 2 MEASURED WITH TEKTRONIX CIRCUIT PROBE P60I9 AND TYPE 134 
AMPLIFIER, OR EQUIVALENT 

92CS-I99I3 



CURRENT AND COLLECTOR CURRENT WAVE FORMS. 


Fig.31 —Circuit used to measure switching 
times for all types. 


Fig.32— Phase relationship between input 
current and output voltage show- 
ing reference points for specifi- 
cation of switching times (test 
circuit shown in Fig.31). 
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Solid State 
Division 


Power Transistors 

2N6211, 2N6212 
2N6213, 2N6214 



High-Voltage Medium-Power 
Silicon P-N-P Transistors 

For Switching and Amplifier Applications 

In Military, Industrial, and Commercial Equipment 

Features: 

n High voltage ratings: 

V CEO (sus) = “ 40 ° V max - (2N6214 > 

= -350 V max. (2N6213) 

= -300 V max. (2N6212) 

= -225 V max.(2N6211) 

□ Large safe-operating area 
0 Complements to 2N3585 transistor family 
° Thermal-cycling rating 


RCA types 2N6211, 2N6212, 2N6213, and 2N6214® are 
epitaxial silicon p-n-p transistors with high breakdown-voltage 
ratings and fast switching speeds. They are supplied in the 
popular JEDEC TO-66 package; they differ in breakdown- 
voltage ratings and leakage-current values. 

® Formerly RCA Dev. Nos. TA7719, TA7410, TA8330, and TA8331, 
respectively. 


Applications: 

■ Power-Switching Circuits 
° Switching Regulators 

■ Converters 
n I nverters 

n High-Fidelity Amplifiers 


MAXIMUM RATINGS, Absolute-Maximum Values: 

*COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open 

With external base-to-emitter resistance (Rgg) = 50 £1 . 
With base-emitter junction reverse-biased (Vgg = 1.5 V) 

*EMITTER-TO-BASE VOLTAGE 

* COLLECTOR CURRENT (Continuous) 

*BASE CURRENT (Continuous) 

TRANSISTOR DISSIPATION: 

At case temperatures up to 100°C and Vq^ up to 50 V 
At case temperatures up to 25°C and Vq^ up to 40 V . 
At case temperatures up to 25°C and Vq^ above 40 V . 
At case temperatures above 25°C and Vq^ above 40 V . 
"TEMPERATURE RANGE: 

Storage & Operating (Junction) 

"LEAD TEMPERATURE (During Soldering): 

At distance > 1/32 in. (0.8 mm) fro m case for 10s max. 
*ln accordance with JEDEC registration data format (JS-6 RDF-1) 



2N621 1 

2N6212 

2N6213 

2N6214 


^CBO 

-275 

-350 

-400 

-450 

V 

V CE o' sus) 

-225 

-300 

-350 

-400 

V 

V CE r(sus) 

-250 

-325 

-375 

-425 

V 

^CEX (sus) 

-275 

-350 

-400 

-450 

V 

^EBO 

-6 

-6 

-6 

-6 

V 

'c 

-2 

-2 

-2 

-2 

A 

'b 

-1 

-1 

-1 

-1 

A 

p T 

20 

20 

20 

20 

W 


35 

35 

35 

35 

W 



See Fig. 1 





See Figs. 1 & 6. 





- -65 to 200 


°C 


230 ► °C 
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2N6211, 2N6212, 2N6213, 2N6214 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T q ) = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

Voltage 

Vdc 

Current 

A dc 

2N6211 

2N6212 

2N6213 

2N6214 # 

V CE 

V BE 

•c 

'b 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Collector-Cutoff Current: 
With base open 

'CEO 

-150 



0 

_ 

-5 

_ 

-5 

_ 

-5 

_ 

-5 

mA 

With base-emitter junc- 
tion reverse-biased 

'CEV 

-250 

-315 

-360 

-410 

1.5 

1.5 

1.5 

1.5 




-0.5 


-0.5 


-0.5 

2 

-1 

With base-emitter junc- 
tion reverse biased and 

T c = 100°C 

-250 

-315 

-360 

-410 

1.5 

1.5 

1.5 

1.5 



5 

-5 


-5* 


- 5 ~ 

z 

-10 

Emitter-Cutoff Current 

'ebo 


6 

0 


- 

-1 

- 


" 

-0.5 

- 

-0.5 

mA 

DC Forward-Current 

Transfer Ratio 

h FE 

-2.8 

-3.2 

-4 

-5 


-1 a 
-1 a 
-1 a 
-1 a 










■ 

Collector-to-Emitter 
Sustaining Voltage: 

With base open 

V CEO (sus) 



— 0.2 a 

0 




I 


- 


- 

1 

With external base-to- 

cmitter resistance 
(R be ) = 50 12 

V CER (sus) 



— 0.2 a 





■ 




- 

With base-emitter junc- 
tion reverse-biased and 

external baseto-emitter 
resistance (Rg E ) = 50 12 

V CEX (sus) 


1.5 

— 0.2 a 





■ 




■ 

Emitter-to-Base Voltage 

V EBO 




0.5 mA 

1 mA 

-6 


-6 



: 


- 

1 

Emitter-to-Base Satura- 
tion Voltage 

V BE (sat> 



— 1 a 

-0.125 


-1.4 

- 

D 

- 

-1.4 

- 

-1.4 

Hi 

Col lector to- Emitter 
Saturation Voltage 

V CE (sat) 



-1 a 

-0.125 

- 


- 


- 


- 

EH 

H 

Output Capacitance 
(f = 1 MHz) 

^obo 

< 1 
£_ o 




- 


- 


- 


- 


1 

Second-Breakdown 

Collector Current 
(Base forward-biased) 

's/b 

-40 




-0.875 

- 

-0.875 

- 

-0.875 

- 



B 

Magnitude of Common- 
Emitter, Small-Signal, 
Short-Circuit, Forward- 
Current Transfer Ratio 
(f = 5 MHz) 

Kl 

-10 


-0.2 


4 

- 

4 

- 

4 

- 

4 

- 


Saturated Switching Times: 

Rise time 

*r 

V CC = 
-200 V 


-1 

•Bi&'B2 

-0.125 

- 


■ 

D 

■ 




1 

Storage time 

l s 

V CC = 
-200 V 


-1 

1 B i S* * B 2 
— 0. 125 

- 


- 

D 

- 

B 

] 

1 

Fall time 

l f 

V CC = 
-200 V 


-1 

'Bi&'B2 

-0.125 

- 

0.6 

- 

m 

- 


|j 


Thermal Resistance 
(Junction-to-case) 

R 0JC 

-10 


-1 


- 

B 

| 

a 

- 

5 

- 

5 

°C/W 


In accordance with JEDEC registration data format JS-6 RDF-1. 


a Pulsed, pulse duration = 300 jU s; duty factor <2%. 
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Fig. 1— Maximum operating areas for all types. 


92CS- I9220RI 



92CS -19216 

Fig. 2— Thermal-cycling rating chart for all types. 

TERMINAL CONNECTIONS 

Pin 1 — Base 
Pin 2 — Emitter 
Case — Collector 
Mounting Flange — Collector 



92CS-I92I8RI 


Fig. 3— Maximum operating areas for all types. 
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CLARE 


MERCURY RELAY 



Fig. 4— Circuit used to measure sustaining 
voltages V CE q(sus), Vq ER (sus) 
and Vq£x(sus) for all types. 



N0TE . COLLECTOR -TO- EMITTER VOLTAGE ( V C £)-V 
SUSTAINING VOLTAGES V CE0 (sus),V CER (sus),AND V CEX (sus) ARE 
ACCEPTABLE WHEN TRACES PALL TO THE RIGHT AND ABOVE 
POINTS "A"FOR TYPE 2N62II, POINTS "B" FOR TYPE 2N62I2, 

POINTS "C" FOR TYPE 2N62I3, AND POINTS B D M FOR 

TYPE 2N62I4 92CS-I9235RI 


Fig. 5-Oscilloscope display for measure- 
ment of sustaining voltages (test 
circuit shown in Fig 4). 


*8 

NOTE: CURRENT DERATfNG AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION- LIMITED PORTION 
AND I S /b "LIMITED PORTION OF MAXIMUM-OPERATING- 
AREA CURVES. DO NOT DERATE THE SPECIFIED 

VALUE FOR I c MAX. 
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CASE TEMPERATURE (Tc)-C 

92CS-IS968 


Fig. 6— Derating curves for all types. 



92CS- I92I7RI 

Fig. 8-Collector-to-emitter sustaining- 

* voltage characteristics for all types. 



Fig. 7— Typical gain-bandwidth product 
for all types. 



Fig. 9— Typical dc beta characteristic 
for all types. 
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0 -Q5 -I -1.5 -2 

COLLECTOR CURRENT (I c ) —A 

92CS- 19236 


Fig. 10— Typical saturation-voltage 
characteristics for all types. 



COLLECTOR CURRENT (I c )-A 

92CS- I9237R I 

Fig. 12— Typical storage-time charac- 
teristic for all types. 


V B B i+ 6V V C C s -200V 



• ADJUST R B FOR Ib 2 AND R c FOR Ic 

• lB| AND Ib 2 MEASURED WITH TEKTRONIX CURRENT PROBE 

P60I9 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 

92CS— I5977R2 

Fig. 14-Circuit used to measure saturated 
switching times for all types. 
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BASE-TO- EMITTER VOLTAGE (V BE ) — V 

92CS-I5974 

Fig. 11 — Typical transfer characteristics 
for all types. 


1 

111 


p 

: PULSE DURATION > 20 

4. - 


i| 

m 

r REPETITION RATE = 200 PULSES/s 
: COLLECTOR SUPPLY VOLTAGE (V cc )'-200 V 
- I Rl ' I Ro *I r /8=O.I25X r 




li 

! CASE TEMPERATURE (T C ) = 25°C 

5 

i— 0.4 F: 
_j - i 

* 1 
o 0.3 - : 

o 

UI 

p 

i 


MMI 

p 0.2 J 


= F lit :m|l J jlll 1.1 1 | i : : i : : 

2 

o :: 

41: 

— P'- ■■ ■■<■ L'| 

1 0.1 F: 

II 

■■llllliiiiii 


0 -0.5 -I -1.5 -2 

COLLECTOR CURRENT ( 1 ( 1 ) — A 

92CS-I5980R2 


Fig. 13— Typical turn-on time and fall- 

time characteristics for all types. 



Fig. 15— Phase relationship between input 

current and output voltage showing 
reference points for specification 
of switching times. (Test circuit 
shown in Fig. 14). 
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Solid State 
Division 


2N6469 


Power Transistors 

2N6246 2N6247 2N6248 
2N6470 2N6471 2N6472 



Silicon N-P-N and P-N-P Epitaxial-Base 
High-Power Transistors 

General-Purpose Types for Switching and 
Linear-Amplifier Applications 

Features: 

a High dissipation capability: 125 W at 25°C 
Q Low saturation voltages 
o Maximum safe-area-of-operation curves 
n Hermetically sealed JEDEC TO-3 package 
n High gain at high current 
o Thermal-cycling rating curve 


RCA-2N6246, 2N6247, 2N6248, and 2N6469* are epitaxial- 
base silicon p-n-p transistors featuring high gain at high cur- 
rent. RCA-2N6470, 2N6471, and 2N6472® are epitaxial-base 
silicon n-p-n transistors. They may be used as complements to 
the 2N6469, 2N6246, and 2N6247, respectively. All of these 
devices have a dissipation capability of 125 watts at case 
temperatures up to 25°C. They differ in voltage ratings 


and in the currents at which the parameters are controlled. 
All are supplied in the JEDEC TO-3 package. 


A Formerly RCA Dev. Nos. TA7281 , TA7280, TA7279, and TA8724, 
respectively. 

° Formerly RCA Dev. Nos. TA8726, TA8443, and TA8442, re- 
spectively. 


Maximum Ratings, Absolute-Maximum Values: 


*COLLECTOR-TO-BASE VOLTAGE . V C BO 

COLLECTOR-TO-EMITTER VOLTAGE: 

* With external base-to-emitter 

resistance (Rbe) = 100 VcER 

With base open VcEO 

*EMITTER-TO-BASE VOLTAGE V E BO 

♦CONTINUOUS COLLECTOR CURRENT. Iq 

^CONTINUOUS BASE CURRENT IB 

^TRANSISTOR DISSIPATION: Py 

At case temperatures up to 25°C 

At case temperatures above 25°C 

♦TEMPERATURE RANGE: 


N-P-N 

2N6470 

2N6471 

2N6472 


P-N-P 

2N64694 

2N 62464 

2N62474 

2N 62484 


50 

70 

90 

110 v 


50 

70 

90 

110 

V 

40 

60 

80 

100 

V 

5 

5 

5 

5 

V 

15 

15 

15 

10 

A 

5 

5 

5 

5 

A 


125 125 125 125 W 

* See Fig. 3 ► 


Storage & Operating (Junction) •* —65 to +200 ► °C 

*PIN TEMPERATURE (During Soldering) : 

At distances ^ 1/32" (0.8 mm) from 

seating plane for 10 s max * +235 °C 


* In accordance with JEDEC registration data format (JS-6 RDF-2). 

4 For p-n-p devices, voltage and current values are negative. 


8-74 
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2N 6246-7-8 
2N 6469-70- 1-2 


ELECTRICAL CHARACTERISTICS FOR N-P-N TYPES, At case temperature (Tq) = 25° C unless otherwise specified 





TEST CONDITIONS 

LIMITS 



CHARACTERISTIC 

SYMBOL 

Vdc 

A dc 








V CE 

'c 

'b 

Min. 

m 







Collector-Cutoff Current: 


35 





g 

■ 

■ 


mhm 


With external base-emitter 

'CER 

55 




■ 


• mt : 

■B 




resistance (Rgg) = 10012 

75 



" 

■ 

H 

■ 

B^B 


B 

* 



45 




fcul* 

91 

mm 

bbi 


■ ■ 


V BE --1.5V 


65 



- 

B 

B' 


- 


■ 


! CEX 

85 



- 

■ 

mm 

Mm 

- 


j B 















At T c = 750°C 


40 



- 

5 

- 

- 

- 

- 





60 











V BE = -1.5V 


80 



- 

- 

- 


- 

5 





20 


0 

_ 

1 

_ 

_ 

_ 



* 

With base open 

'CEO 

30 


0 

- 

- 

- 

i 

- 





40 


0 

- 

- 

- 

- 

- 



* 

Emitter-Cutoff Current; Vgg = — 5 V 

'ebo 


0 


- 

1 

- 

i 

- 

i 

mA 

* 

DC Forward-Current 


4 

5 a 


20 


KB 






Transfer Ratio 

h FE 

4 

15 a 


5 


mm 


Mm 




Collector-to-Emitter 













Sustaining Voltage 

V CEO (susl 


0.2 

0 

40 b 


60 b 


80 b 

- 


* 

With base open 


























With external base-emitter 



0.2 










resistance (Rgg) = 10012 

V CER (sus) 



45“ 



~ 


- 


* 

Base-to-Emitter Voltage 

V BE 

4 

4 

5 a 

1 5 a 



H 


B 


B 

V 

* 

Collector-to-Emitter 

v CE (sa,) 


5 a 

0.5 







V 


Saturation Voltage 


15 a 

5 







* 

Magnitude of Common-Emitter 













Small-Signal Short-Circuit 
Forward-Current Transfer Ratio: 

(f = 1 MHz) 

l"«-l 

4 

1 


5 


5 


5 

- 

B 

* 

Common-Emitter, Small-Signal, 











mm 


Short-Circuit, Forward-Current 
Transfer Ratio (f = 1 kHz) 

h fe 

4 

1 


25 





- 

IB 


Thermal Resistance.' 













(Junction-to-case) 

R UJC 









1.4 

Hg 


* In accordance with JEDEC registration data format (JS 6 RDF-2). b CAUTION: Sustaining voltages V CEQ (sus), V CER (sus ) an(j V CEX (sus) 
a Pulsed; pulse durat ion - 300 ps. duty factor 1 .8%. MUST NOT be measured a tracar (See Fig. 22.) 
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COLLECTOR-TO-EMITTER VOLTAGE (V C e) V 

92CS-22379 


Fig. 1 — Maximum operating areas for all types. 




CASE TEMPERATURE (T c ) — °C 

92CS-Z2434 


Fig. 2 — Thermal-cycling rating chart for all types. 


Fig. 3 — Current derating for all types. 
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ocr— 



Fig.5 



may --40V (2N6469)") 
V C EO MAX -- +4 ov (2N6470) J 

may -~ 60 v (2N6246) \g 
VcEO MAX " + 60V (2N647I) J J 

w may --80V (2N6247)1 j 
. V C EO max -- + 80 v (2N6472) j| 
V C EO MAX. = -IOOV (2N6248)" 

LLLLLiil 


I * ** ° ° 10 * 40 60 80 100 

COLLECTOR-TO-EMITTER VOLTAGE ( V C E> — V 


92CS-22380 


Fig. 4 — Maximum operating areas for all types. 



COLLECTOR CURRENT (I C ) — A 

92CS-I957I 


Typical collector-to-emitter saturation-voltage characteristics 
for 2N6246, 2N6247, 2N6248. and 2N6469. 



92CS-2I846RI 

Fig. 6 — Minimum reverse-bias second-breakdown characteristics 
for all types. (Values for p-n-p types are negative). 
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Fig. 7 - Typical dc beta characteristics for 2N6470, 2N6471, Fig.8 - Typical dc beta characteristics for 2N6248. 

and 2N6472. 



Fig.9 — Typical dc beta characteristics for 2N6246, 2N6247, 
and 2N6469. 



BASE-TO-EMITTER VOLTAGE (V BE )— V 

92CS-2239I 

Fig. 10 — Typical transfer characteristics for 2N6470, 2N6471 , 
and 2N6472. 



92CS-I9579 

Fig. 11 — Typical transfer characteristics for 2N6246, 2N6247, 
2N6248, and 2N6469. 
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2N 6246-7-8 
2N6469-70-1-2 



BASE-TO -EMIT TER VOLTAGE (V BE ) — V g2Cs 2 

ig. 12 — Typical input characteristics for 2N6470, 2N6471, 
and 2N6472. 



BASE-TO-EMITTER VOLTAGE (V BE )—V 

92CS-I9578 


Fig. 14 — Typical input characteristics for 2N6248. 



Fig. 16 — Typical input characteristics for 2N6246, 2N6247, 
and 2N6469. 



Fig. 13 — Typical output characteristics for 2N6470, 2N6471, 
and 2N6472. 



92CS-2I848RI 

Fig. 15 — Typical output characteristics for 2N6248. 



92CS - I 9577RI 

Fig. 17 — Typical output characteristics for 2N6246, 2N6247, 
and 2N6469. 




2N 6246-7-8 
2N6469-70-1-2 
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Fig. 18 — Typical gain-bandwidth product vs. collector current for 
2N6470, 2N6471, and 2N6472. 



Fig. 19 — Typical gain-bandwidth product vs. collector current for 
2N6246, 2N6247, 2N6248, and 2N6469. 



Fig.20 — Typical saturated switching characteristics for 
2N6470, 2N6471, and 2N6472. 



92CS-I958I 

Fig. 21 — Typical saturated switching characteristics for 2N6246, 
2 N 6247, 2N6248, and 2N6469. 


V cc =0-1.75 V 



* FOR N-P-N TYPES 2N6470, 2N647I, AND 2N6472, 
REVERSE POLARITY OF V cc . 


92CS-24700 


Fig. 22 — Circuit used to measure sustaining voltages 
VcEQtsush v cer< sus )- and Vqex(sus) 
for all types. 
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COLLECTOR-TO-EMITTER VOLTAGE (V CE ) — V 


* PULSE CURRENT (Ip) RANGE = 0.6-0. 8 A 

THE SUSTAINING VOLTAGES VcEOlsusl. AND Vcer(sus). ARE ACCEPTABLE WHEN 
THE TRACES FALL TO THE RIGHT AND ABOVE POINT "A" FOR TYPES 2N6469 AND 2N6470; 
POINT "B" FOR 2N6246 and 2N6471; POINT "C" FOR 2N6247 AND 2N6472; AND POINT "D" FOR 
2N6248. VALUES FOR N-P-N TYPES ARE POSITIVE. 


92CS-24702 


Fig.23 — Oscilloscope display for measurement of sustaining 
voltages (test circuit shown in Fig.22.1 
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2N 6469-7 0-1 -2 




*| |« — ’on 


Fig. 25 — Phase relationship between input and output currents 
showing reference points for specification of switching 
times. (Test circuit shown in Fig.24.) 


92CS-24699 

Fig.24 — Circuit used to measure switching times for 2N6470, 
2N6471, and 2N6472. 



* R C IS CHOSEN FOR I c 

» Vee and Vbb are MEASURED FOR X B| AND Ib 2 
lB| and Ib 2 ARE MEASURED WITH TEKTRONIX CURRENT PROBE P-6019 
AND TYPE 134 AMPLIFIER, OR EQUIVALENT 92CS-I9586R3 



Fig. 26 — Circuit used to measure switching times for 2N6246, 

2N6247, 2N6248, and 2N6469. Fig.27 — Oscilloscope display for measurement of switching times. 


TERMINAL CONNECTIONS 

Pin 1 — Base 
Pin 2 — Emitter 
Case — Collector 
Mounting Flange — Collector 
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Solid State 
Division 


Power Transistors 

2N6249 

2N6250 

2N6251 



450 -V, 30-A, 175-W 

Silicon N-P-N 
Switching Transistors 

For Switching Applications in 
Industrial and Commercial Equipment 


Features: 

• High voltage ratings: 

VcBO = 450 v (2N6251) 
375 V (2N6250) 
300 V (2N6249) 


• High dissipation rating: P-j- = 175 W 

• Low saturation voltages 

• Maximum safe-area-of-operation curves 


RCA-2N6249, 2N 6250, and 2N6251* are multiple epitaxial 
silicon n-p-n power transistors utilizing a multiple-emitter-site 
structure. Multiple-epitaxial construction maximizes the volt- 
ampere characteristic of the device and provides fast 
switching speeds. Multiple-emitter-site design assures uniform 
current flow throughout the structure, which produces a high 
l§/b and a large safe- operation area. 

These devices use the popular JED EC TO-3 package; they 
differ mainly in voltage ratings, leakage-current limits, and 
VcE(sat) ratings. 

The exceptional second-breakdown capabilities and high 
voltage-breakdown ratings make these transistors especially 


suitable for off-line inverters, switching regulators, motor 
controls, and deflection circuit applications. 

The high gain and high Es/b energy-handling capability of 
the 2N6249 make it an excellent choice for motor-control 
applications in which large winding inductances are 
encountered and high surge currents are required to start the 
motor. 

The high breakdown voltages, low saturation voltages, and 
fast-switching capability of the 2N6250 and 2N6251 make 
them especially suitable for inverter circuits operating 
directly off the rectified 115-V power line or in a bridge 
configuration operating from the rectified 220-V line. 

* Formerly RCA Dev. Nos. TA7005, TA7006, and TA7007. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

♦COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open 

* With reverse bias (Vbe) = 0 V (with base-emitter shorted) . . . . 

With external base-to-emitter resistance (Rbe> <50 H 

♦EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT: 

* Continuous . . 

Peak 

♦CONTINUOUS BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C and Vqe up to 30 V 

At case temperatures up to 25°C and Vqe above 30 V 

* At case temperatures above 25°C and Vqb above 30 V 

♦TEMPERATURE RANGE: 

Storage & Operating (Junction) 

♦PIN TEMPERATURE (During Soldering): 

At distances > 1/32 in. (0.8 mm) from case for 10 s max. . . . 

* In accordance with JEDEC registration data format (JS-6, RDF-1). 



2N6249 

2N6250 

2N6251 


v CBO 

300 

375 

450 

V 

v CEO< sus > 

200 

275 

350 

V 

V CEX< 8US I 

225 

300 

375 

V 

V CER< SUS > 

225 

300 

375 

V 

v EBO 

6 

6 

6 

V 

>c 






10 

10 

10 

A 


30 

30 

30 

A 

1 B 

10 

10 

10 

A 

PT 






175 

175 

175 

W 



See Fig. 1 
See Figs. 1,2 , & 

4—^ 



65 to +200 - 


°C 


^ 

230 


°C 
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2N6249— 2N6251 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25°C Unless Otherwise Specified. 

I | I TEST CONDITIONS I LIMITS 


CHARACTERISTIC 


TEST CONDITIONS 
DC DC 

VOLTAGE CURRENT 


Collector-Cutoff Current: 
With base open 


With base-emitter junction 
reverse-biased 


With base-emitter junction 
reverse-biased 

Emitter-Cutoff Current 

Collector-to-Emitter Sustaining 
Voltage (see Figs. 15 & 16) 

With base open 
With external base-to-emitter 
resistance (Rgg) = 50 fi 

Emitter-to-Base Voltage 
(l E = 1 mA) 

DC Forward-Current Transfer 
Ratio 

Base-to-Emitter Saturation 
Voltage 

Collector-to-Emitter 
Saturation Voltage 

Magnitude of Common Emitter, 
Small-Signal, Short-Circuit, 
Forward Current Transfer Ratio 
(f = 1 MHz) 



V CE 

vbe 

'C 

>B 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 


150 



0 

- 

_ 

5 

_ 

_ 

- 

_ 

'CEO 

225 



0 

- 

- 

_ 

- 

- 

5 

- 

300 



0 

- 

- 

- 

- 

- 

- 

- 


225 

-1.5 



- 

- 

5 

- 

- 

- 

- 

'CEV 

300 

-1.5 



- 

- 

- 

- 

- 

5 

- 


375 

-1.5 



- 

- 

- 

- 

- 

- 

- 


225 

-1.5 



__ 

_ 

10 

_ 

_ 

_ 

_ 

'CEV 

C = 125°C 

300 

-1.5 



- 

- 

- 

- 

- 

10 

” 

375 

-1.5 



— 

— 

— 

— 

— 

— 

— 

'ebo 


-6 




- 

1 

- 

- 

1 

- 

'CE0 (SUS) 



0.2 


200 b 

_ 

_ 

27 5 b 

_ 

_ 

350 b 

'cER< sus) 



0.2 


225 b 

- 

- 

300 b 

- 

- 

37 5 b 


h FE 

3 

3 

3 


10 a 

10 a 

10 a 


(sat) 



10 a 

10 a 

10 a 

1 

1.25 

1.67 

(sat) 



10a 

I0 a 

10 a 

1 

1.25 

1.67 


- 1.5 - 


Second Breakdown Collector 
Current (With base forward- 
biased) Pulse duration 
(non-repetitive) = 1 s 

's/b 

Second Breakdown Energy 
(With base reverse-biased) 

R B = 50n, L = 50/z H 

E S/b 

Switching Times 

< V CC = 200 V ' *B1 = 1 B2^ : 

Rise 

(See Figs. 13, 17, & 18) 

V 

Storage 

(See Figs. 11, 12, 17, & 18) 

<s 

Fall 

(See Figs. 14, 17, & 18) 

x i 

Thermal Resistance: 
Junction-to-Case 

R 0JC 



In accordance with JEDEC registration data format (JS-6 RDF-1). 
a Pulsed; pulse duration <350 /ns, duty factor = 2%. 

b CAUTION: The sustaining voltages Vqqo( sus ) and VcER( sus ) 
MUST NOT be measured on a curve tracer. These sustaining voltages 
should be measured by means of the test circuit shown in Fig. 15. 
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92CS-I9468 

Fig. 1— Maximum operating areas for all types. 



CASE TEMPERATURE (T c ) — # C 

92CS-I9475 

Fig. 2 -Dissipation derating and l^/p derating 
for all types. 



NUMBER OF THERMAL CYCLES 

92CS-I9476 

Fig.3 -Thermal-cycle rating chart for 
all types. 
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2N6249— 2N6251 



Fig. 4 -Maximum operating areas for all types. 



92CS-I9485 

Fig. 5— Typical thermal response char- 
acteristic for all types. 



BASE-TO-EMITTER VOLTAGE (V BE ) — V 

92CS-I9477 

Fig. 6— Typical transfer characteristics 
for all types. 
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Fig.7— Typical normalized dc beta char- 
acteristics for all types. 
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COLLECTOR CURRENT (I c ) — A 

92CS-I9480RI 


Fig.9— Typical base-to-emitter saturation 
voltage characteristics for all types. 



92CS-I9482RI 

Fig. 1 1— Typical storage-time characteristics 
for all types (with constant forced 



Fig.8— Typical output characteristics for 
all types. 



Fig. 10— Typical collector-to-emitter 
saturation voltage charac- 
teristics for all types. 
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Fig. 12— Typical storage-time characteristics 
for all types (with constant base 
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O 2 4 6 8 10 12 

COLLECTOR CURRENT (Ic) — A 

92CS-I9484RI 



COLLECTOR CURRENT (I c ) — A 

92CS- I9486RI 


Fig. 13— Typical rise-time characteristic for 
all types. 


Fig. 14— Typical fall-time characteristic for 
all types. 




92CS-I9467RI 


The sustaining voltages Vceo< sus ) and V CER< SUS ) 
are acceptable when the traces fall to the right of 
point "A" for type 2N6249, point "B" for type 
2N6250, and point "C" for type 2N6251 (l~ = 
0.2 A). 


Fig. 15— Circuit used to measure sustaining 
voltages Vq£q(sus) and Vqer(sus) 
for all types. 


Fig. 16— Oscilloscope display for measurement 
of sustaining voltages. (Test circuit 
shown in Fig. 15). 
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PULSE DURATION > 20 /is 

PULSE REPETITION RATE =500 Hz 92CS-I9488RI 



92CS- 13996 Rl 


Fig. 17-Circuit used to measure switching 
times for all types. 



*I B) AND l Bz MEASURED WITH TEKTRONIX CURRENT PROBE P6019 OR EQUIVALENT 

Fig. 19— Circuit used to measure inductive-load 
switching times for all types. 


Fig. 18— Phase relationship between input and 
output currents showing reference 
points for specification of switching 
times (Test circuit shown in Fig. 17). 
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COLLECTOR CURRENT (I c ) — A 

92CS-I9489RI 

Fig.20— Typical inductive- and resistive-load 
fall-time characteristics for all types. 


TERMINAL CONNECTIONS 

Pin 1 — Base 
Pin 2 — Emitter 
Case — Collector 
Mounting Flange — Collector 
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Power Transistors 


□UGB/JO 

Solid State 
Division 


2N6354 


120-V, 10-A, 140-W 
Silicon N-P-N Transistor 

For Switching Applications in 
Military and Industrial Equipment 

Features: 

B High Vceo(sus): 120 V 
o Maximum safe-area-of operation curves 
s Low saturation voltage: VcE(sat) < 0.5 V 
a Fast switching speeds at lc = 5 A: 
t r < 0.3 ps 
t s <1|iS 
tf < 0.2 pis 

a High dissipation rating: Pj = 80 W at 100°C 
= 140 Wat 25°C 

RCA type 2N6354® is an epitaxial silicon n-p-n power tran- Typical high-speed switching applications for the 2N6354 
sistor with a multiple-emitter-site structure. The device is include switching-control amplifiers operated from a 48-V 
supplied in the JEDEC TO-3 package. (nominal) power supply, power gates, switching regulators, 

dc-dc converters, and power oscillators. 

• Formerly RCA Dev. No. TA7534. 



MAXIMUM RATINGS, Absolute-Maximum Values: 

"COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open, sustaining 

* With external base-to-emitter resistance (Rbe) = 50012 . 

*EMITTER-TO-BASE VOLTAGE 

* COLLECTOR CURRENT (Continuous) 

COLLECTOR CURRENT (Peak) 

*BASE CURRENT (Continuous) 

"TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C and Vce up to 25 V 

At case temperature of 100°C and Vcb of 20 V 

At case temperatures up to 25°C and Vce above 25 V . . 
At case temperatures above 25°C and Vce above 25 V. . 
"TEMPERATURE RANGE: 

Storage & Operating (Junction) 

"PIN TEMPERATURE (During Soldering): 

At distance > 1/32 in. (0.8 mm) from case for 10 s max. 

"in accordance with JEDEC registration data format JS-6 RDF-1. 


VCBO 

150 

V 

VCE0< SUS ) 

120 

V 

VCEX 

130 

V 

vebo 

6.5 * 

V 

Ic 

10 

A 


12 

A 

>B 

5 

A 

PT 




140 

W 


80 

W 


See Figs. 1 & 2 



See Figs. 1, 2, & 4 



-65 to 200 

°C 


230 

°C 


5-72 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25°C unless otherwise specified. 


CHARACTERISTIC 


Collector-Cutoff Current! 
With emitter open 


With base open 

With base-emitter junction 
reverse-biased 


At Tc = 125°C 


Emitter-Cutoff Current 


Emitter-to-Base Voltage 


Col lector-to- Emitter -Voltage: 
At breakdown, with 
base open 


With external base-to 
emitter resistance 

(Rbe) < 100 n 


Saturation Voltage: 
Collector-to-Emitter 


Base-to-Emitter 

DC Forward Current 
Transfer Ratio 


Forward-Bias Second- 
Breakdown Collector 
Current^ 


Second-Breakdown Energy 
(With base reverse biased, 
R BE =51 n, L = 25 pH) 


Magnitude of Common 
Emitter, Small-Signal, 
Short-Circuit Forward 
Current Transfer 
Ratio (f = 10 MHz) 


Saturated Switching Time: 
(See Figs. 11 & 12) 
Rise Time 


Storage Time 


Storage Time (No Load) 


Output Capacitance 
(f = 1 MHz) 


Thermal Resistance: 
Junction-to-Case 



"In accordance with JEDEC registration data format JS-6 RDF-1 . ^Pulsed; 1-s non-repetitive pulse. 

a Pulsed: pulse duration <350 ps, duty factor = 2%. e^ = |g 2 = value shown. 

b CAUTION: The collector-to-emitter voltages, V(br)cEO and f _ -j 5 mH 

VcerIsvs). MUST NOT be measured on a curve tracer. These m 

voltages should be measured by means of the test circuit shown in Fig.5. nr- „ . . . . , , , 

r y 9E S/b ,s defined as the energy at which second breakdown 

C I S/b 'S defined as the current at which second breakdown occurs occurs under specified reverse bias conditions. Es/b = Va LI ^ where L is 


c I S/b ' s defined as the current at which second breakdown occurs 


at a specified collector voltage with the emitter-base junction 
forward-biased for transistor operation in the active region. 


a series load or leakage inductance and I is the peak collector current. 


































































COLLECTOR CURRENT (I C ) 
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2N6354 



468 10 2 468 100 2 46 8 1000 

COLLECTOR -TO-EMITTER VOLTAGE (V CE ) — V 


Fig. 1 -Maximum operating areas. 92C8 -20133 




Fig. 2 -Derating curves. 


92CS- 20130 

Fig.3~Thermal-cycling rating chart. 
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92CS- 20132 


Fig.4 -Maximum operating areas. 



Fig.5— Circuit used to measure voltages 
v (BR)CEO and VqeR^us). 



COLLECTOR -TO-EMITTER VOLTAGE (V C e)— V 


92CS-20I28 


NOTE: The voltages, V|BR)CEO end VcERUus) 
are acceptable when the trace falls to the 
right of and above point "A" 

Fig.6— Oscilloscope display for V(BR)CEO 
and Vqer(sus) measurement ( test 
circuit shown in Fig.5). 






File No. 582 


2N6354 



BASE-TO-EMITTER VOLTAGE (V B£ )— V 

92CS-20I23 

Fig. 7— Typical transfer characteristics. 
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92CS-20I24 

Fig. 8— Typical output characteristics. 



92CS- 20134 



Fig.9— Typical normalized dc beta characteristics. 


Fig. 10-Typical saturation voltage characteristics. 



Fig. 1 1 —Circuit used to measure switching times. 



Fig. 12— Phase relationship between input and 
output currents showing reference 
points for specification of switching 
times (test circuit shown in Fig. 1 1). 
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File No. 582 
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Fig. 13— Typical rise • and fall-time characteristics. 


Fig. 14— Typical storage-time characteristics. 


TERMINAL CONNECTIONS 

Pin 1 — Base 
Pin 2 — Emitter 

Mounting Flange, Case — Collector 
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File No. 607 

QUQBZ/D Power Transistors 

Solid State 
Division 

2N6371 



Hometaxiai TT High- Power 
Silicon N-P-N Transistors 

Rugged General-Purpose Device 
For Industrial and Commercial Uses 

Features: Applications: 

B Maximum-safe-area-of-operation curves 
n Low saturation voltage 
° High dissipation rating 
o Thermal-cycle rating curve 


■ Series and shunt regulators 

■ High-fidelity amplifiers 

■ Power-switching circuits 

■ Solenoid drivers 

“ 1 2- V audio and inverter circuits 


The RCA-2N6371 a is a hometaxial-base® diffused-junction sili- 
con n-p-n transistor intended fora wide variety of intermediate- 
power and high-power applications. It is especially suited for 
use in audio and inverter circuits at 12 volts. 


RCA-2N6371 is the direct replacement for RCA-40251 . 

"Hometaxiai" was coined by RCA from "homogeneous" and "axial" 
to describe a single-diffused transistor with a base region of homo- 
geneous-resistivity silicon in the axial direction (emitter-to-collector). 
"Hometaxiai II" is a term used to describe RCA's expanded line of 
transistors produced by the hometaxiai process. 



92CS-I303IRI 

Fig. 1— Dissipation derating curve. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

‘COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

* With external base-to-emitter resistance R B £ = 100 Q, 

* With base open 

With base reverse bias V BB = -1.5 V 

‘EMITTER-TO-BASE VOLTAGE 

* CONTINUOUS COLLECTOR CURRENT 

‘CONTINUOUS BASE CURRENT 

‘TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

‘TEMPERATURE RANGE: 

Storage and Operating (Junction) 

‘PIN TEMPERATURE (During Soldering): 

At distances ^ 1/32 in. (0.8 mm) from seating plane for 10 s max. 

*ln accordance with JEDEC registration data format JS-6 RDF-2. 
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2N6371 


File No. 607 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) =25°C Un/ess Otherwise Specified. 





TEST CONDITIONS 





CHARACTERISTIC 

SYMBOL 

VOLTAGE 

CURRENT 

LIMITS 

UNITS 




Vdc 

Adc 







V CE 

UJ 

m 

> 

■c 

•b 

MIN. 

MAX. 


* 

Collector Cutoff Current: 

'CEO 

25 



0 

_ 




With base open 









With base-emitter junction 

reverse-biased 


45 

-1.5 



- 

2 

mA 











At T c = 150°C 


40 

-1.5 



- 

10 


* 

Emitter Cutoff Current 

'ebo 


-5 

0 


- 

10 

mA 


Collector-to-Emitter 










Sustaining Voltage: 










With base open 




0.2 

0 

40 

- 


* 

With external base-to- 

emitter resistance 
(R be ) = ioo n 




0.2 


45 

- 

V 


With base-emitter junction 

reverse-biased 



-1.5 

0.1 


50 

- 


* 

DC Forward Current 


4 


8 a 


15 

60 



Transfer Ratio 


4 


16 a 


4 



* 

Base-to-Emitter Voltage 

V BE 

4 


16 a 


- 

4 

V 

* 

Collector-to-Emitter 




16 a 

4 

- 

■ 



Saturation Voltage 

V CE (sat) 



8 a 

0.8 



V 

* 

Common-Emitter, Small- 










Signal, Short-Circuit 

Forward Current Transfer 

Ratio 

h fe 

4 


1 


10 

- 



(f = 1 kHz) 









* 

Magnitude of Common- 










Emitter, Small-Signal, 
Short-Circuit, Forward 

Current Transfer Ratio: 

l h fe| 

4 


1 


2 

- 



(f = 0.4 MHz) 










Gain-Bandwidth Product 

f T 



1 



- 

kHz 


Forward-Bias Second Break- 

's/b 

40 





_ 

A 


down Collector Current 





■H 




Thermal Resistance : 

R 0JC 





_ 


°C/W 


Junction-to-Case 










a Pulsed: Pulse duration = 300 ps, duty factor = 2%. 

* In accordance with JEDEC registration data format JS-6 RDF-2. 
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File No. 607_ 


2N6371 



Fig. 2— Maximum safe area of operation at case temperature of 25 C. 



Fig. 3— Thermal-cycle rating chart. 


CASE TEMPERATURE <T C )» 25»C , 
INDUCTANCE (L)«200mH 
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Fig. 4— Reverse-bias second-breakdown characteristics. 
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File No. 607 


8 f CASE TEMPERATURE (T c )= IOO°C 


tns-M 


* NORMALIZED 
- POWER 
MULTIPLIER 


2H- I c (MAX.) 


PULSED OPERATION 


FOR SINGLE 

NONREPETITIVE 

PULSE 




V CE0 (MAX.)= 40 V 

• I I I ' 1 1 1 i I ! hl-m 
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File No. 609 


DUGBZ/D Power Transistors 

Solid State 
Division 

2N6383 2N6384 2N6385 



10-Ampere, N-P-N Darlington 
Power Transistors 


40-60-80 Volts, 100 Watts 
Gain of 1000 at 5 A 


Features: 

■ Operates from 1C without predriver 

■ Low leakage at high temperature 

■ High reverse second-breakdown capability 


Applications: 

■ Power switching ■ Audio amplifiers 

■ Hammer drivers 

■ Series and shunt regulators 


The 2N6383, 2N6384, and 2N6385* are monolithic n-p-n 
silicon Darlington transistors designed for low- and medium- 
frequency power applications. The double epitaxial con- 
struction of these devices provides good forward and reverse 
second-breakdown capability; their high gain makes it possible 
for them to be driven directly from integrated circuits. 

•Formerly RCA Dev. Nos. TA8349, TA8486, and TA8348. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

* COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-to-emitter resistance <Rgg) = 100tt, sustaining 

With base open, sustaining 

With base reverse-biased V B g = —1.5 V, R BB = lOOfi 

* EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT: 

Continuous 

Peak 

* CONTINUOUS BASE CURRENT 

* TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

* TEMPERATURE RANGE: 

Storage and Operating (Junction) 

* PIN TEMPERATURE (During Soldering): 

At distances 1/32 in. 0,8 mm from sea ting plane for 10 s max. 
*ln accordance with JEDEC registration data format JS-6 RDF-2. 



Fig. 1— Schematic diagram for all types. 
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File No. 609 . 


_ 2N6383— 2N6385 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) =25 C Unless Otherwise Specified 



Forward-Bias Second Break 
down Collector Current 
(1-s non-repetitive pulse) 


Thermal Resistance 
Junction-to-Case 


a Pulsed: Pulse duration = 300 ps, duty factor = 1.8%. 

k Eg/b is defined as the energy at which second breakdown occurs under specified reverse t 
Eg/b = '/1LI 2 where L is a series load or leakage inductance, and I is the peak collector cui 
* In accordance with JEDEC registration data format JS-6 RDF-2. 
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COLLECTOR CURRENT (I C ) 


2N6383— 2N6385 . 


File No. 609 


- CASE TEMPERATURE (T C )=25°C- 



I c (MAX.) PULSED 

77 ^Tr;;irn i M - i .., . 1 1 

I c ( MAX j 
CONTINUOUS 


FOR SINGLE 

NONREPETITI 

PULSE 


■~1 

r* 

“ 




"" 









\ 

-■ 

- 





















H — — 1 — I 1 


I T-+ h- - 


— 1 I — — I PULSE OPERATION 




— 1 

”t— h 


-+ 4— -I 

1 J I . 



Is/b “ LIMITED - 


]L-:i... r::i;.i_i.Li_^_ lx.;. 4 

-VcEO (MAX.) = 40V (2N6383)- 

I 7 t-. 11 ; 1 1 — rl::; tar- 

1 v Ceo (MAX - , = 6 ° v (2N6384) ~ 

- 4 - 1 1 I Ml! , 1 1.1 1 

VCEO ( MAX.) S 80 V (2N6385) 

I : ;T l I ; I ll I' i ! v 1 7 ■ 1 1 17 







File No. 609 


2N6383— 2N6385 



COLLECTOR - TO - EMITTER VOLTAGE ( V CE ) — V 92CS-20593 

Fig. 5— Maximum operating area for all types 




93CS-I9922 


Fig. 7 -Thermal-cycling rating chart for all typos. 
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2N6383— 2N6385 


File No. 609 



92CS-20694 

Fig. 8— Minimum values of reverse-bias second breakdown 
characteristic (E^/b^ f° r types. 
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0 12 3 4 


BASE-TO-EMITTER VOLTAGE (Vrc) — V 

92CS- 19923 

Fig. 10— Typical input characteristics for all types. 



Fig. 9— Typical saturated switching-time characteristics 
for all types. 



9ZCS-I9924 


Fig. 1 1— Typical transfer characteristics for all types. 



92CS- 19925 



Fig. 12— Typical output characteristics for all types. 


Fig. 13— Typical saturation characteristics for all types. 
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File No. 609 


2N6383— 2N6385 



•* I B , and Iq 2 are MEASURED WITH TEKTRONIX CURRENT 
PROBE P60I9 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 

92CS-I992I Rl 


Fig. 14— Circuit used to measure saturated switching times. 



92CS- 13996 Rl 


Fig. 15— Phase relationship between input current and output 
current showing reference points for specification of 
switching times (test circuit shown in Fig. 14). 


TERMINAL CONNECTIONS 

Pin 1 - Base 
Pin 2 - Emitter 
Case - Collector 
Mounting Flange - Collector 
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File No. 610 



Solid State 
Division 


Power Transistors 
2N6386 2N6387 2N6388 


10-Ampere, N-P-N Darlington 
Power Transistors 

40-60-80 Volts, 40 Watts 

Gain of 1000 at 5 A (2N6387, 2N6388) 

Gain of 1000 at 3 A (2N6386) 



Features: 

■ Operates from 1C without predriver 

■ Low leakage at high temperature 

■ High reverse second-breakdown capability 


Applications: 

■ Power switching ■ Audio amplifiers 

■ Hammer drivers 

■ Series and shunt regulators 


The 2N6386, 2N6387, and 2N6388* are monolithic n-p-n 
silicon Darlington transistors designed for low- and medium- 
frequency power applications. The double epitaxial con- 
struction of these devices provides good forward and reverse 
second-breakdown capability; their high gain makes it possible 
for them to be driven directly from integrated circuits. 


Formerly RCA Dev. Nos. T A8202, T A8485, and T A8201 , respectively. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

* COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-to-emitter resistance (Rg^) = 100Ji, sustaining 

With base open, sustaining 

With base reverse-biased Vbe = — 1.5 V 

* EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT: 

Continuous 

Peak 

* CONTINUOUS BASE CURRENT 

* TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

* LEADITEMPERATURE (During Soldering): 

At distances > 1/8 in.(3.17 mm) from case for 10 s max . 

*ln accordance with JEDEC registration data format JS-6 RDF-2. 



Fig. 1— Schematic diagram for all types. 
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File No. 610 


2N6386-2N6388 



a Pulsed: Pulse duration = 300 jis, duty factor - 1.8%. 


E S/b '* defined as the energy at which second breakdown occurs under specified reverse bias conditions. 
^S/b ~ ’/iLI^ where L is a series load or leakage inductance, and I is the peak collector current. 

* In accordance with JEDEC registration data format JS-6 RDF-2. 
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COLLECTOR CURRENT (I c 


2N6386-2N6388_ 


File No. 610 


8 [-CASE TEMPERATURE (T C )=25°C 





2 r c (MAX.)_ 
PULSED / 
15 — j — -4— t*- 
2N6387, 
2N6388 


PULSE OPERATION 


4 L i c (Max.) 

I CONTINUOUS 


FOR SINGLE 

NONREPETIVE 

PULSE 



I S/ b “LIMITED r 


- - V C EO (MAX.) = 40 V (2N6386) _ 

-g— 1 JX 1 1 1 i i I .L_J— 

VcEO (MAX.) = 60V { 2N6387) 

~bri— i-i 1 1" J - . i t l:t~ . : T.t'T 

v CEO ^ MAX.) =80 V (2N6388) ■* 



50 ms 


COLLECTOR-TO-EMITTER VOLTAGE (V CE )— V 


92CS— 20695 


Fig. 2— Maximum operating area for all types. 



NOTE: CURRENT DERATING AT CONSTANT ^ 
VOLTAGE APPLIES ONLY TO THE DISSIPATION- I 
LIMITED PORTION AND THE I s/b -LIMITED - 
PORTION OF MAXIMUM OPERATING AREA " 
CURVES (FIGS. 2 . 5).D0 NOT DERATE THE - 
SPECIFIED VALUE FOR I c MAX 




CASE TEMPERATURE (T C )-°C 


COLLECTOR CURRENT (I c ) — A 


Fig. 3— Derating curves for all types. 


Fig. 4— Typical dc-beta characteristics for all types. 





COLLECTOR CURRENT (I C ) 


File No. 610 


2N6386-2N6388 


} 8 CASE TEMPERATURE (T C )=IOO°C 

.mm - 'i r r :i. ‘i 'i t i t : - 1 r: 

6 ~I c (MAX.) — — — 

rt PULSED (ALL TYPES) 


-2N6387, 2N6388 



8 — FOR SINGLE 
— NONREPETITIVE 
6— PULSE 



■ - "h Is/b-LIMITED 

I ; ; : I ; .1 : 1 ; r; r:rrr: n 

V C E0 (MAX-) 5 40 V (2N6386) *- 

_ IIIL!— L . L J —Li : I _ 1 _ Li 1 : L 

VCEO (MAX-) = 60V (2N6387) rp 

— -•)— M- . I . ) i . — -r |-r~r: ; rrrrrr— 

^CEO ( M AX.) = 80 V (2N6388) 






2N6386-2N6388 


File No. 610 



Fig. 8— Typical saturated switching-time charac- 
teristics for all types. 



Fig. 10— Phase relationship between input current and output current 
showing reference points for specification of switching 
times (test circuit shown in Fig. 9). 



Fig. 12— Typical input characteristics for all types. 



REP. RATE = 200 Hr 

* *B| AND *B2 ARE MEASURED WITH TEKTRONIX CURRENT 
PROBE P60I9 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 

92CS- 20699 

Fig. 9— Circuit used to measure saturated 
switching times. 



Fig. 1 1 -Minimum values of reverse-bias second breakdown charac- 
teristic (E s/b ) for all types. 
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COLLECTOR CURRENT (I C )— > 


File No. 610 


2N6386— 2N6388 


CASE TEMPERATURE (T C )*25°C 





10 12 14 


COLLECTOR-TO-EMITTER VOLTAGE (V CE )-V 


Iffl H tf il DC BETA 


£ V J:CASE TEMPERATURE ; 

i ■— * i-H HH i m il<T C )‘2yc r ; 


COLLECTOR CURRENT (Ic)— A 


Fig. 14— Typical output characteristics for all types. 


Fig. 15— Typical saturation characteristics for all types. 


TERMINAL CONNECTIONS 


TERMINAL CONNECTIONS 


Lead No. 1 — Base 

Stub — Do not use stub as tie point. 
Lead No. 3 — Emitter 
Mounting Flange — Collector 


Lead No. 1 — Base 
Lead No. 2 - Collector 
Lead No. 3 — Emitter 
Mounting Flange — Collector 
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File No. 617 



Solid State 
Division 


RF Transistors 
2N6389 



UHF/MATV Low-Noise 
Silicon N-P-N Transistor 

For High-Gain Small-Signal Applications in UHF TV 
RF Amplifiers and UHF MATV Amplifiers 

Features: 

■ Low noise figure: 

NF = 3 dB (typ.) at 450 MHz, 1.5 mA 
= 4 dB (typ.) at 890 MHz, 1.5 mA 
= 6 dB (typ.) at 890 MHz, 10 mA 

■ High gain (tuned, unneutralized): 

G pe = 15 dB (min.) at 890 MHz 


RCA 2N6389 0 is an epitaxial silicon n-p-n planar transistor in- 
tended for low-power, small-signal applications where both 
low noise and high gain are desirable. It utilizes a hermetically 
sealed four-lead JEDEC TO-72 package. All of the elements 
of the transistor are insulated from the case, which may be 
grounded by means of the fourth lead. 

• Formerly RCA No. 40989. 


■ High gain-bandwidth product 

■ Large dynamic range 

■ Low distortion 

■ Low collector-base capacitance 


MAXIMUM RATINGS, Absolute-Maximum Values: 


♦COLLECTOR-TO-BASE VOLTAGE 

* CO LLECTOR-TO- EMITTER VOLTAGE 

*EMITTER-TO-BASE VOLTAGE 

♦COLLECTOR CURRENT (Continuous) 

♦TRANSISTOR DISSIPATION: 

At ambient temperatures up 

to 25°C 

At ambient temperatures above 

25°C 

V CBO 

V CEO 

v EBO 

'c 

PT 

20 V 

12 V 

2.5 V 

40 mA 

200 mW 

Derate linearly 

♦TEMPERATURE RANGE: 

Storage and Operating 


at 1.14 m\A//°C 

(Junction) 

♦LEAD TEMPERATURE (During soldering): 

At distances > 1/16 in. (1.59 mm) from 


-65 to +200° C 

seating plane for 60 s max 

♦| n accordance with JEDEC registration data format 

JS-9 RDF-1. 


300° C 
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File No. 617 2N6389 


ELECTRICAL CHARACTERISTICS, At Ambient Temperature ( T A ) = 25°C 




| TEST CONDITIONS 

1 

! 


CHARACTERISTIC 

SYMBOL 

VOLTAGE 

Vdc 

CURRENT 

mA dc 

LIMITS 

UNITS 



V CB 

V CE 

H 

1 ' B 

H 

MIN. 

MAX. 



STATIC 


Collector Cutoff Current 

'CBO 

15 


0 



_ 

20 

■89 

Emitter Cutoff Current 

'ebo 

< V EB> 

1 


■ 


n 

- 

m 

19 

Collector-to-Base 

Breakdown Voltage 

V (BR)CBO 



n 

■ 

m 

20 

91 

V 

Collector-to-Emitter 
Breakdown Voltage 





0 

H 

12 

- 

V 

Emitter-to-Base 

Breakdown Voltage 

V (BR)EBO 



0.01 


0 

2.5 

- 

V 

DC Forward Current 

Transfer Ratio 

h FE 


1 



3 

25 

250 


Thermal Resistance: 
(Junction-to-Case) 

R 0JC 






- 

880 

°c/w 


DYNAMIC 


Device Noise Figure: 
f = 890 MHz 
= 890 MHz 

= 450 MHz 

NF 

10 

10 

10 




1.5 

10 

1.5 

- 

4(typ.) 

6(typ.) 

3(typ.) 

dB 

Small-Signal Common-Base 
Power Gain (f = 890 MHz) 

g pb 

10 




10 

15 

- 

dB 

Small-Signal, Short Circuit 
Forward Current Transfer 
Ratio (f = 1 kHz) 

h fe 


1 



3 

25 

250 


Magnitude of Small-Signal 
Short Circuit Forward 

Current Transfer Ratio 
(f = 200 MHz) 

| h fe| 

■ 

10 

■ 

1 

1.5 

5 


■ 

Collector-to-Base Time 

Constant (f = 31.9 MHz) 

r b C c 

H 


1.5 


■ 

1 


■a 

Collector-to-Base Capacitance 
(f = 1 MHz) 

C cb 

10 


0 



0.4 

0.55 

pF 


* In accordance with JEDEC registration data format JS-9 RDF-1 . 
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File No. 617 



92CS-2III5 

Fig. 1 — Power dissipation vs. ambient temperature. 



92CS-2III6 

Fig. 2 — Typical common-base noise figure vs. frequency. 
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COLLECTOR-TO-EMITTER VOLTAGE (V CE ) = IOV 
AMBIENT TEMPERATURE (T A )=25°C 

NOTE: f T CALCULATED FROM MEASURED 
VALUES OF S- PARAMETERS 

minim r t t ittttt r itt t tttttti t 


:: 



:n 


m: 


:n 



:n 


mi 


:: 



in 


in: 





_ 


XL 


0 5 10 15 20 

COLLECTOR CURRENT (I c ) - mA 92CS . 


Fig. 3 — Gain-bandwidth product vs. collector current. 



C-i.Cy: 3.3 pF disc ceramic 

L 1 ,L 2 : 

RFC: 

2 turns, 
8 turns 1 

C2: 2.7 pF disc ceramic 

Ri: 

270 n 

C3: 1 pF disc ceramic 

R 2 : 

2.2 kSl 

C 4 : 25 pF, ATC-100 or equivalent 

4 

4.7 k« 


R 4 : 

4.7 kft 


Fig. 4—890-MHz common-base test circuit for gain and noise figure. 
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1.0-30 pF 
C 2' C 3 : 1-0-20 pF 
C 4 .C 5 : 0.04 fJiF 
C 6 : 1-10 pF 

L,: 2 turns No. 18 wire, 3/16 in. (0.188 mm) 
ID, 0.10 in. (2.54 mm) long 
L 2 : 3 turns No. 18 wire, 3/16 in. (0.188 mm) 
ID, 0.15 in. (3.81 mm) long 
L 3 ,L 4 : 0.22-/LIH rf choke 

L 5 : 3 turns No. 18 wire, 3/16 in. (0.188 mm) 
ID, 0.15 in. (3.81 mm) long 

Rt : 200H, 1/4 W 


* V(bb) adjusted for l c = 1.5 mA 


Fig. 5— Circuit diagram of 450-MHz amplifier used for measurement of noise figure. 



Fig. 6— Block diagram of test setup for 
measurement of gain. 


Fig. 7— Block diagram of noise-figure 
test set. 


TERMINAL CONNECTIONS 

Lead 1 — Emitter 

Lead 2 — Base 

Lead 3 - Collector 

Lead 4 — Connected to case 
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Solid State 
Division 


Power Transistors 

2N6477 

2N6478 



Hometaxial-Base, Medium-Power 
Silicon N-P-N Transistors 


Rugged Devices for Intermediate Power Applications 
in Industrial and Commercial Equipment 


Features: 

■ Maximum safe-area-of-operation curves for dc and 
pulse operation 

■ High voltage ratings 

■ Low saturation voltages 

■ Thermal-cycling rating curves 


Applications: 

■ Series and shunt regulators 

■ High-fidelity amplifiers 

■ Power switching circuits 

■ Solenoid drivers 

■ Vertical output stages in color 
and B/W TV 


RCA 2N6477 and 2N6478 A are hometaxial-base silicon n-p-n 
transistors intended for a wide variety of medium-to-high 
power, high-voltage applications. These devices, which are 
voltage extensions of the 2N5298 family, are especially useful 
in vertical output stages in color and black-and-white TV. The 
units differ in voltage ratings and in the currents at which para- 
meters are controlled. 

The 2N6477 and 2N6478 are supplied in the JEDEC TO-220AB 


straight-lead version of the package. They are also available on 
special order in a variety of lead-form configurations. Two 
popular variations have leads formed to fit TO-66 sockets 
{specify formed lead No. 6201) or printed-circuit boards 
{specify formed lead No. 6207). Detailed information on these 
and other VERSAWATT outlines is contained in "RCA's Line- 
up of Power Transistors" (PSP-704). 

* Formerly RCA Dev. Nos. TA8405 and TA8343. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

♦COLLECTOR-TO-BASE VOLTAGE 

v CBO 

2N6477 

140 

2N6478 

160 

V 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open 

v CEO (sus) 

120 

140 

V 

With external base-to-emitter resistance (Rg E ) = 100 £2 

V CER (sus) 

130 

150 

V 

♦ With base reverse-biased (Vg E = — 1.5 V) 

Vq E \/(sus) 

140 

160 

V 

♦EMITTER-TO-BASE VOLTAGE 

v EBO 

5 

5 

V 

♦CONTINUOUS COLLECTOR CURRENT 

! C 

2.5 

2.5 

A 

PEAK COLLECTOR CURRENT 


4 

4 

A 

♦CONTINUOUS BASE CURRENT 

'B 

1 

1 

A 

TRANSISTOR DISSIPATION: 

♦ At case temperature up to 25° C 

Pt 

50 

50 

W 

* At case temperatures above 25°C 

At ambient temperatures up to 25°C 


See Fig. 2 

1.8 1.8 

W 

At ambient temperatures above 25°C 

Derate linearly at 0.0144 

W/°C 


♦TEMPERATURE RANGE: 

Storage and Operating (Junction) —65 to 150 °C 

♦PIN TEMPERATURE (During Soldering): 

At distances > 1/32 in. (0. 8 mm) from seating plane for 10 s max 235 °C 

*ln accordance with JEDEC registration data format JS-6 RDF-2. 
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File No. 680 2N6477-2N6478 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C unless otherwise specified 





TEST CONDITIONS 

LIMITS 



CHARACTERISTIC 

SYMBOL 

VOLTAGE 

CURRENT 

2N6477 

2N6478 

UNITS 




Vdc 

A dc 









< 

O 

m 

V BE 

! C 

■b 

MIN. 

MAX. 

MIN. 

MAX. 


* 

Collector-Cutoff Current: 


80 



0 

- 

2 

_ 

_ 



With base open 

‘CEO 

100 



0 

- 

- 

- 

2 



With base-emitter 


130 

-1.5 



_ 

2 

_ 

_ 

mA 


junction reverse-biased 

'CEV 

150 

-1.5 



- 

- 

- 

2 




120 

-1.5 



_ 

10 

_ 




At T c = 150 C 

'CEV 

140 

-1.5 



- 


_ 

10 


* 

Emitter-Cutoff Current 

'ebo 


-5 

0 


- 

2 

- 

2 

mA 


Collector-to-Emitter Sustaining 












Voltage: 

v CEO* sus ) 



0.1 a 

0 

120 

- 

140 

- 


* 

With base open 












With external base-to-emitter 

V CER (sus) 





130 


150 




resistance (Rg E ) = 1000 



0.1 a 




V 


With base-emitter junction 
reverse-biased 

v CE v (sus) 


-1.5 

0.1 a 


140 

- 

160 

- 


* 

DC Forward-Current Transfer 


4 


1 a 


25 

150 

25 

150 



Ratio 

h FE 

4 


2 . 5 a 


5 

- 

5 

- 


* 

Collector-to-Emitter 

V CE (sat) 



1 a 

0.1 

- 

1 

- 

1 

V 


Saturation Voltage 



2.5 a 

0.5 

- 

2 

- 

2 




4 


1 a 



1.8 


1.8 



Base-to-Emitter Voltage 

hi 

CO 

> 

4 


2.5 a 


- 

3 

- 

3 

V 

* 

Magnitude of Common-Emitter, 












Small-Signal, Short-Circuit 
Forward-Current Transfer Ratio: 

Ke| 

4 


0.5 


5 

_ 

5 




f = 40 kHz 











Gain-Bandwidth Product 

f T 

4 


0.5 


200 

- 

200 

- 

kHz 

* 

Common-Emitter, Small-Signal, 












Short-Circuit Forward-Current 

Transfer Ratio: 

h fe 

4 


0.1 


25 

- 

25 

- 



f = 1 kHz 












Thermal Resistance: 












Junction-to-Case 

R 0JC 





- 

2.5 

- 

2.5 

°c/w 


Junction-to-Ambient 

R 0JC 





- 

70 


Id 


* In accordance with JEDEC registration data format (JS-6 RDF-2). a Pulsed: Pulse duration = 300 jus, duty factor = 1 .8%. 

CAUTION: The sustaining voltage Vq E q(sus), Vq^Isus), and Vq^^Isus) MUST NOT be measured on a curve tracer. 

These sustaining voltages should be measured by means of the test circuit shown in Fig. 10. 


TERMINAL CONNECTIONS 

JEDEC TO-220AB 

Terminal No.1 — Base 
Terminal No. 2 — Collector 
Terminal No. 3 — Emitter 
Terminal No. 4 — Collector 
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PERCENTAGE OF RATED CURRENTAT SPECIFIED VOLTAGE 


2N6477— 2N6478 _ 


. File No. 680 


iwss» 


PULSE OPERATION* 


CASE TEMPERATURE (Tc) = 25°C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE 
IN TEMPERATURE) 



FOR SINGLE 
8- NONREPETITIVE 
-! PULSE 


i s/b “* limited! 


i ■ IjVcEO max. = 140 V (aNeATSJrt^tP-ttT^ 

i"" : ■~LT:r:::i::::n::;inra:njr:^nr.3rnirnL'ircrrT-:.| :.:H 

— V CE0 MAX. = 120 V (2N64T7)BJSg5j?||it 


ffS III* I 


ii£i- II lilli I UlI:: 


100 120 140 


COLLECTOR-TO-EMITTER VOLTAGE (Vqe) — V 


92CS-22440 


Fig. 1 — Maximum operating areas for both types. 


NOTE: CURRENT DERATING AT CONSTANT VOLTAGE I 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION- 
OF MAXIMUM-OPERATING-AREA CURVES (FIG.l). DO I 
NOT DERATE THE SPECIFIED VALUE FOR lc MAX. : 



25 50 75 100 125 150 175 200 

CASE TEMPERATURE (Tc)-°C 



NUMBER OF THERMAL CYCLES 


Fig. 2 — Current derating curve for both types. 


Fig.3 — Thermal-cycling rating chart for both types. 
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2N6477— 2N6478 



COLLECTOR-TO-EMITTER VOLTAGE (V CE ) — V 

92CS- 22442 


Fig. 4 — Maximum operating areas for both types. 



92CS- 22443 

Fig. 5 — Typical dc beta characteristics for 2N6477. 



Fig.6 — Typical dc beta characteritics for 2N6478. 
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ER SUSTAINING 
— V(MIN) 

o 

CA 

vc 
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ff 

! 









i 

X 





l V CE 

0 < sus 

>) 

u 

Lift 







j 





n 



! 

! 

U 

_ 


r - 



, 2 4 6 8 (0 2 4 6'8 O0 2 4 6 6| K 2 4 6 8| QK 2 4 6 K j QK 

EXTERNAL BASE-TO- EMITTER RESISTANCE (R BE ) — ft 

92CS-22446 


COLLECTOR-TO-EMITTER VOLTAGE (V C e)=4V 
CASE TEMPERATURE (T C )=25°C 


T2j 



COLLECTOR CURRENT (Iq) — mA 

92CS-I2647 


Fig. 7 — Sustaining voltage vs. base-to-emitter resistance 
for both types. 


Fig.8 — Typical gain-bandwidth product for both types. 



92CS-207I5 


Fig. 9 — Minimum reverse-bias second-breakdown 
characteristics for both types. 


27JT 



^ SUSTAINING VOLTAGE 


COLLECTOR-TO-EMITTER VOLTAGE (V C E> — 


Note: 

The sustaining voltage, Vq^q(sus), 

V CER^ SUS ^ or ^CEV^ SUS ^ is ac ' 
ceptable when the trace falls to the 
right and above point "A" for all 
types. (For values of current and 
voltage, see Electrical Characteristics) 


Fig. 11 — Oscilloscope display for measurement of sustaining 
voltages (test circuit shown in Fig. 10). 
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2N6477— 2N6478 



0 0.5 I 1.5 2 2.5 

BASE - TO - EMITTER VOLTAGE ( V 0E ) — V 

92CS-I95II 



92CS-I2645 


Fig. 12 — Typical input characteristics for 2N6477. 


Fig. 13 — Typical input characteristics for 2N6478. 


CASE TEMPERATURE (T C )=25°C 



0 50 100 150 200 

COLLECTOR-TO-EMITTER VOLTAGE (V CE )-V 

92CS-I95I5 


Fig. 14 — Typical output characteristics for 2N6477. 



COLLECTOR-TO-EMITTER VOLTAGE (V CE ) — V 


92CS— 12642 

Fig. 15 — Typical output characteristics for 2N6478. 



BASE -TO- EMITTER VOLTAGE (V BE )-V 

92CS-I95I2 



92CS-I2643 


Fig. 16 — Typical transfer characteristics for 2N6477. 


Fig. 17 — Typical transfer characteristics for 2N6478. 




File No. 702 



Solid State 
Division 


Power Transistors 

2N6479 2N6481 
2N6480 2N6482 



Radiation-Hardened 

Silicon N-P-N Power Transistors 

Epitaxial-Planar Types for 
Aerospace and Military Applications 


Rated for Operation in Radiation Environments 

with Cumulative Neutron Fluence Levels to 1 x 10^ Neutrons/cm^ 

and Gamma Intensity to 1 x 10 8 Rad(Si)/s 


RCA types 2N6479, 2N6480, 2N6481, and 2N6482* are 
epitaxial silicon n-p-n planar power-switching transistors. 
They are designed for aerospace applications in which they 
might be subjected to extreme neutron and gamma-ray 
exposure. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

* COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

* With external base-to-emitter resistance (Rgg) < 100 £2 . 

With base open 

* EMITTER-TO-BASE VOLTAGE 

* CONTINUOUS COLLECTOR CURRENT 

* PEAK COLLECTOR CURRENT 

* CONTINUOUS BASE CURRENT 

* TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

* TEMPERATURE RANGE: 

Storage and Operating (Junction) 

* TERMINAL TEMPERATURE (During Soldering): 

At distance > 1 /32 in. (0.8 mm) from seating plane for 
10 s max 

In accordance with JEDEC registration data format JS-6 RDF-1. 


The 2N6479, 2N6480, 2N6481, and 2N6482 are intended for 
use in 5-to-10 ampere high-frequency power inverter service. 
Types 2N6479 and 2N6481 differ from types 2N6480 and 
2N6482, respectively, in voltage and power ratings. In types 
2N6479 and 2N6480, the collector is isolated from the case. 

• Formerly RCA Dev. Nos. TA8007, TA8007B, TA8100, and 
TA8100B, respectively. 



2N6479 

2N6480 

2N6481 

2N6482 


V CBO 

100 

100 

100 

100 

V 

V C er(sus) 

80 

100 

80 

100 

V 

v CEO^ sus) 

60 

80 

60 

80 

V 

v EBO 

6 

6 

6 

6 

V 

'c 

12 

12 

12 

12 

A 


25 

25 

25 

25 

A 

'b 

5 

5 

5 

5 

A 

P T 

87 

87 

117 

117 

W 


See Figs. 1,2, and 4 


-65 to +200 °C 

230 °C 
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File No. 702 2N6479-2N6482 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 25°C 
PRE-RADIATION 



— 


TEST CONDITIONS 

LIMITS 



CHARACTERISTIC 

SYMBOL 

VOLTAGE 

V dc 

CURRENT 

A dc 

2N6479 

2N6481 

2N6480 

2N6482 

UNITS 




V CE 

Veb 

>B 

■c 

MIN. 

MAX. 

MIN. 

MAX. 



Collector Cutoff Current: 

With emitter open, 

V CB = 100 V 

•CBO 






1 

- 

1 

mA 


With base shorted 

•CES 

60 




- 

200 

- 

200 

PA 

* 

With base-emitter junction 
reverse-biased 

'CEV 

100 

0 



- 

1 

- 

1 

mA 

* 

At T c = 100°C 


60 

0 



- 

1 

- 

1 


* 

Emitter Cutoff Current 

'ebo 


6 



- 

2 

- 

2 

mA 


Emitter-to-Base Voltage.* 

I E = 2 mA 

v EBO 





6 

- 

6 

- 

V 

* 

Coliector-to-Emitter 

Sustaining Voltage: 

With base open 

v CEO< sus > 




0.2 a 

60 b 


80 b 




With external base-to- 

emitter resistance 
(R be > = 100 n 

V CER< SUS > 




0 2 

80 b 


100 b 



* 

Collector-to-Emitter 

Saturation Voltage 

VQ E (sat) 



1.2 

1 2 a 


0.75 

- 

0.75 

V 

* 

Base-to-Emitter 

Saturation Voltage 

V BE (sat) 



1.2 

1 2 a 


1.5 

- 

1.5 

V 

* 

DC Forward Current 

Transfer Ratio 

h F E 

2 



1 2 a 

20 

300 

20 

300 



Second Breakdown 

Collector Current: 

With base forward- 
biased, t = 1 s 

'S/b 

12 




7.3 


7.3 


A 


Second Breakdown Energy! 
With base reverse- 
biased, RbE = 100 S2, 

L = 100 pH 

E S /b** 




5 

1.25 


1.25 


mJ 

* 

Saturated Switching Time 

(Vcc = 30 v ' 1 B 1 = >B2> : 
Rise 

t r 



1.2 

12 


400 


400 

ns 


Storage 

l s 



1 .2 

12 

- 

800 

- 

800 



Fall 

’f 



1.2 

12 

- 

200 

- 

200 


* 

Magnitude of Common 

Emitter Small-Signal 

Short Circuit Forward 

Current Transfer Ratio: 

f = 10 MHz 

M 

5 



1 

10 

- 

10 

- 



Collector-to-Base Feedback 

Caoacitance 

V CB « 10 V, f = 1 MHz 

C ob 





- 

400 

- 

400 

pF 


Thermal Resistance: 

Junction-to-Case 

R 0JC 

10 



5 

2N6^ 

2N6^ 

179 

180 

2 

2N6 

2N& 

481 

482 

1.5 

°C/W 


* In accordance with JEDEC registration data format JS-6 RDF-1. 
a Pulsed; pulse duration < 350 ms, duty factor < 2%. 

b CAUTION: The sustaining voltages Vqeq(sus) and V0 EB (sus) MUST NOT be measured on a curve tracer. These sustaining voltages 
should be measured by means of the test circuit shown in Fig.13. 
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POST-NEUTRON-RADIATION ELECTRICAL CHARACTERISTICS 

AFTER EXPOSURE TO 5 x 10 13 NEUTRONS/cm 2 (1 MeV equiv.). At Case Temperature (T c ) = 25°C 





TEST CONDITIONS 

LIMITS 



CHARACTERISTIC 

SYMBOL 

VOLTAGE 

V dc 

CURRENT 

A dc 

For all 

Types 


I 



V CE 



•b 


MAX. 


* 

Collector Cutoff Current: 










With base-emitter 
junction reverse-biased 

•CEV 

100 

0 



- 

1.2 

mA 

* 

Emitter Cutoff Current 

*EBO 


-5 



- 

2.2 

mA 

* 

Collector-to-Emitter 
Sustaining Voltage: 




0.2 

0.05 

80 b 




With base open 

v CEO< sus ) 



0.2 

0.05 

60 c 

- 

V 

* 

Collector-to-Emitter 
Saturation Voltage 

VcE(sat) 



7 a 

1.4 

- 

1.5 

V 

* 

Base-to- Emitter 

Saturation Voltage 

VgE(sat) 



7 a 

1.4 

- 

1.5 

V 

* 

DC Forward Current 

Transfer Ratio 

hFE 

5 


7 a 


12 

- 



Magnitude of Common 
Emitter, Small-Signal 

Short Circuit Forward 
Current Transfer Ratio: 
Ratio (f = 10 MHz) 

M 

5 


1 


10 

- 



* 

Damage Constant 

K* 





- 

9 x 10' 16 



* In accordance with JEDEC registration data format 
JS-6 RDF-1. 

a Pulsed; pulse duration < 350 ms, duty factor < 2%. 
b For types 2N6480, 2N6482. 
c For types 2N6479, 2N6481 . 

1 1 

* h FE 2 h FE« 

Damage constant K = — 

0 


Where hpg ^ = Beta prior to exposure 
= Beta after exposure 
0 = Neutron fluence (1 MeV equiv.) 
Knowing K, hpp^ mav he ca l CL *l ate d for other 
fluences using the relationship: 


1 



h FE! 


TYPICAL CHARACTERISTIC DURING GAMMA EXPOSURE FOR DOSE 
RATES OF LESS THAN 1 x 10 8 RAD(Si)/sec 




TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 

SYMBOL 

VOLTAGE -Vdc 

For all 
Types 

UNITS 



V CB 

V BE 

TYPICAL 


Collector-to-Base 

Charge Generation 
Constant 

( C) 


0 

5x10 " 8 

Coulomb 

Rad 


The charge generated in the depletion region of a transistor is proportional to the 
volume of the depletion region, the total dose, and the energy of the gamma radiation. 

The primary base-collector photo current [ipp(base)] = (C)7, where 7 is the gamma dose rate in Rad(Si)/s. 
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2N6479— 2N6482 


ii 

■5? 

hi 


1 

11 

|| 

iisLjs 

88SS 1 RiSSti 

■■■• 

aa si ai s: ss h 

CM <• «< II ■■ ai 



SSSSSSSSSSSSSiiiSS 

RRSiSS 

IIIIIMH 






n 



CSCE i Si .1 ! 

■■■a 1 ii p i 

*> *i » it aa aa 

h ci ii ii aa ii 

SSSaaSSiiiii 


■■■imiiiiiuiBH 
■■■■iiiiii iiiii ■■ 

■■■■■a 

mi 

III! I 

■la 

m 

m 

ill 

i ill aiaiuiiiiniiu 

j l s Bi; SHR 

is mwm 

a 

ii 

ii 

■i 

B 

0 

■■■■a 

E=EE| 

iiHI 

aaaa ■ ai ii i 

IHlirliin 

un liHi i 

aa ii n n aa ii 

II J Ii II ii 

Hii PI ii ll 

iiimii 

IlilMRgg 

11 

IS 

uinmiimjiH 

ieilgSy 

iiiaiiijiilli 


ssT 

Hi 


S 


gf 


■■■■ ii 1 

SS si iiii =■ :| 


ill 

ass:!gi![2jjj|gs 

lis: 5 
mM = 
====.; 

M 

oi 

ill 

m 

Hii 

m :? 

lie 

If MUM 
siliMii 

=2 cm. Tan S3 

siisSli^ii 


0 

jjj 

Ii 

ii 

n 

ss::a 

SSI 

lOi 

a;:: : a: :: : 

m\ !i iii 
ftU ii iii 

Illl ill! II iii 
iii il? ii ii 

ililllliiSi 

iiiiill! 

ill 

|| 

iiiOiniisB 

ass: a 

::: 


a: 

llisilIK 

S 


!i 

^:s 

&».! i! i 

-\\\ il ii 

sssaBasiiiii 


i|||III 

uu,»m i 

BEI2 D 

■ ■■ ■ 

i 

MU 

illl 

M & 
IjjSsR 

ShWIS 

sjipips 

■ 


;! 

i. 

ii 

Ui: 

II 'III 'k 1 II 1 

iiii iUL 

in ii ;; i ja ii 

■■■■■■■mu 

SSSSSSSiSiSS 

■■■lllllllll 

ill 

mm 

iiii{in!!!JL| 


ITT 

VP 

imra? 

TOfflfrnra 

1 

; 

■« 


"SB. *Iit Vi 'Si i 

mill iSSii ■ 'Si SS 

isiaisiiiiiii 

ISSii! 













■■■■■■■■mil 



s ss 

ESS 

ssss 

Iiii! SEE 

SSSSSSIiSIUS 



Si 


larau 


■■■■■■■■Hill 



III 

in 

m 

min 

sifyiiii 


3 

if 

It 1 

i 

SfliF 1 hi: 

E:li 

iisssi 

iPBitmun 


is 

I 

!!Ei 

Illl! 


{ 

ll 

ii 

: mW 

fflf # ii’ 

iliillii 

J 

IfflHiii 

m 

ill 

i 

ijfii! 





is 

t ll 

.\W iii, ii 

::sssa::iss3: 


EHiliilii 

l-g 

m 

hi; 

inn in 

PQiili 



i! 

if 

1 il 1-1.1 

til ill min; ■ ll 

i li.1 s 

■■■■aaaaaaiia 

lillHIIIHif 

11 

iiiiiliiHilil 

: 55 

w. 

* 

•’•r-i 




il 

ii 

i I: ii:' 5 lit 

n: IK || 

illimijOii 

ill 

liSiiiiili 

a ii 
: :: 

1 

i 

Ii 

illl 



1 

ss 

:: 

: rr ::: 

: a ::: ii 

i Ly j|| a: j: 

iEss5555is{ji 

I! 

iiiiii 

is 

i? 

i 

■ 

■i 




ss 

SS 

S a'SS V 

i ii,'!!! 

! « iiii Is ii 

J .WIISSS \\ 

i'limtiiii u 

1111 


iiii 

a ss 

ss: 

:::: 

SISilSSS 

■SSSKiRSuS 



s: 

ss 


Si 'SR'u'S! SS 18' 

a r '.r. u • :: sa 

assaaajjjjjj 

j;;;;: 

£5s^;iiiiiR::ss 

ss:::rr::::i:s 

■ ■■ 

■ ■■ 

aaa 

SSS 

:::: 

sni 

iiiiiiss: 

SnSuSiiiii: 

KKSiiiliiiS 



ii 

n 

H 

:: 

■■ 

■■ 

a !i%'i 

a iu.i, 

a iN.ii 

* *>• i *i. ■■ HA 

sM^r: iiii 

3S8:B§H;i!!!l 

SSiiSSSSS^iSS 

'!r'‘ 

jmi! 

SSSSSSSSSli 

a SS 

If! 

Oil 

mm 

llllllljjjiii 



:i 

ss 

=s 

i 1 | 

= si* Es s si V {Iii 

isiss" 

ili-s: 

< if Ii 

1 

IP 

III 

ii ss 

ill 

Hi 

sis 

ill 

i 

ill! 

I 

Hi: 

Ii 

i 

I|1 

iiiiiSss 

iiiiill 

ill 

mm 

«S(*h|5 



si 

:: 

ii 

!i 

r* 

n 

Pi§ 

55 

i II ii 

a :: :: 

i y 

bjzh 

ss • in 

Til! IP 

■ k Nil III 1 1 (■ 

iimeiillii 

:::::: 

jjjjii 

iiiliil iS 

iltfM J 

Ilirairi 

iSiasEsssiils 

liiilliilllli 

!!!iisnj!j|: 


ssil liM 
Iiiiii 

1 » 

111 

:::: 

iiii as: 

s;:s 



ii 


ii MM 

PF5I p: is { 

iiiiilni 

il 

laipRII 

■ ■■ 

« mm 

s ss 
■ ■■ 

■■■ 

Kit 

ss: 

in 

i 

Illl 

ii 

ill 



ss 

i 

•J*. 

un 

mm 

ii i i 

SS i 1 

iiiiii i iii' ii a I 

iiii!! 

«■■■■■■■■■■■■ 
■■■■■■■■I Bill 

sssssssssssss: 

■■■■111111111 

l■■■■l■llllll 

SSSiii 

Sfltil 

BfliH 


100 , 

8 


0.1 


COLLECTOR-TO- EMITTER VOLTAGE (V CE )— V 

Fig. 1 — Maximum operating areas for 2N6479 and 2N6480. 
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COLLECTOR -TO-EMITTER VOLTAGE (V CE )-V 


92CS- 22826 


Fig. 4 — Maximum operating areas for 2N6481 and 2N6482. 




Fig.5 — Thermal-cycling rating chart for 
2N6479 and 2N6480. 


Fig.6 — Thermal-cycling rating chart for 
2N6481 and 2N6482. 
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92CS-22 82 9 


Fig. 7 - Maximum operating area for 2N6479 and 2N6480 
at 100 Cease temperature. 



92CS- 22831 

Fig.9 — Typical 1-MeV-equivalent neutron damage coefficient as a 
function of collector current for all types. 



92CS-22830RI 

Fig. 8 — Maximum operating area for 2N6481 and 2N6482 
at 100 Cease temperature. 
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92CS- 22832 

Fig. 10 — Typical collector-to-emitter saturation voltage as a function 
of 1 -Me V-equiva/ent neutron f/uence for all types. 




Fig. 11 — Typical base-to-emitter saturation voltage characteristic 
for all types. 


Fig. 12 — Typical collector-to-emitter saturation voltage characteristic 
for all types. 
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MERCURY-RELAY 

MODEL NO. HGP-1004, CHANNEL A 



Fig. 13 — Circuit used to measure sustaining voltages Vqeq(sus) and 

v cer( sus )■ 



92CS-2I09I 

The sustaining voltages VcecM sus ) and VCER( SUS ) are acce P table when 
the traces fall to the right of point "A" for types 2N6479 and 2N6481 . 
The traces must fall to the right of point "B" for 2N6480 and 2N6482. 

Fig. 14 - Oscilloscope display for Vq^q(sus) and Vqer(sus) measure- 
ment. (Test circuit shown in Fig. 13). 


TO OSCILLOSCOPE TEKTRONIX 




■B2 = -12 A 
l C = 12 A 

Fig. 16 — Phase relationship between input and output currents showing 
reference points for specification of switching times. (Test 
circuit shown in Fig. 15). 


Terminal No. 1 
Terminal No. 2 
Terminal No. 3 


TERMINAL CONNECTIONS 


2N6479 2N6481 

2N6480 2N6482 

Base Base 

Collector Collector, Case 

Emitter Emitter 
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OUCBZ/D 

Solid State 
Division 


Power Transistors 
2N6486 2N6489 
2N6487 2N6490 
2N6488 2N6491 



15-A, 75-W, Silicon N-P-N and P-N-P 

Epitaxial-Base 

VERSAWATT Transistors 

Complementary Pairs for General-Purpose 
Switching and Amplifier Applications 

Features: 

n Thermal-cycling ratings 
a Maximum safe-area-of-operation curves 
□ Color-coded packages of molded-siiicone plastic: 

Green - p-n-p ( 2N 6489, 2N 6490, 2N 6491) 

Gray - n-p-n (2N6486, 2N6487, 2N6488) 


RCA-2N6486— 2N6491®, inclusive, are epitaxial-base silicon 
transistors. The 2N6486, 2N6487, and 2N6488 are n-p-n 
complements of p-n-p types 2N6489, 2N6490, and 2N6491, 
respectively. All these devices are intended for a wide variety 
of medium-power switching and amplifier applications, and 
are particularly useful in high-fidelity amplifiers utilizing com- 
plementary-symme try circuits. 

• Formerly RCA Dev. Nos. TA8325, TA8324, TA8323, TA8328, 
TA8327, and TA8326, respectively. 


These devices are supplied in the RCA VERSAWATT package 
in color-coded molded-siiicone plastic; the 2N6489— 2N6491 
(p-n-p) devices are green, and the 2N6486— 2N6488 (n-p-n) 
devices are gray. All are regularly supplied in the JEDECTO- 
220AB straight-lead version of the package. They are also 
available on special order in a variety of lead-form configu- 
rations. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

* COLLECTOR-TO-BASE VOLTAGE 
COLLECTOR-TO-EMITTER VOLTAGE: 

* With 1.5 volts (Vbe) of reverse bias, and external 

base-to-emitter resistance (Rbe) e 100 12 

With external base-to-emitter 

resistance (Rbe) = 100 12 

With base open 

* EMITTER-TO-BASE VOLTAGE 

* CONTINUOUS COLLECTOR CURRENT 

* CONTINUOUS BASE CURRENT 

* TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At ambient temperatures up to 25°C 

At case temperatures above 25°C 

At ambient temperatures above 25°C 

* TEMPERATURE RANGE: 

Storage and operating (Junction) 

* LEAD TEMPERATURE (During soldering): 

At distance > 1 /8 in. (3. 1 7 mm) from 
seating plane for 10 s max 

* In accordance with JEDEC registration data format JS-6 RDF-2. 



N-P-N 

2N6486 

2N6487 

2N6488 



P-N-P 

2N64894 

2N6490+ 

2N649H 


VCBO 


50 

70 

90 

V 

VCEX 


50 

70 

90 

V 

VCER 


45 

65 

85 

V 

VCEO 


40 

60 

80 

V 

VEBO 


5 

5 

5 

V 

ic 


15 

15 

15 

A 

Ib 


5 

5 

5 

A 

Pt 


75 

75 

75 

W 



1.8 

1.8 

1.8 

W 


Derate linearly 0.6 W/° C 

Derate linearly 0.0144 W/° C 

65 to +150 °C 

235 °C 


♦ For p-n-p devices, voltage and current values are negative. 
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ELECTRICAL CHARACTERISTICS, At case temperature (Tq) = 25°C unless otherwise specified 





TEST CONDITIONS 

LIMITS 





VOLTAGE 

CURR. 

2N6486 

2N6487 

2N6488 

UNITS 


CHARACTERISTIC 

SYMBOL 

V dc 

A dc 

2N6489# 

2N64904 

2N64914 




< 

n 

m 

V BE 

■c 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 



Collector-Cutoff Current: 


35 



_ 

500 

_ 

_ 

_ 




With external base-emitter 

'CER 

55 



- 

— 

- 

500 

- 


mA 


resistance (R BE > = 1 0012 

75 



- 

- 

- 

- 

- 

500 


* 

With base-emitter junction reverse 


45 

-1.5 


- 

500 

- 

- 

- 

- 



biased and external base-to-emitter 


65 

-1.5 


- 

- 

- 

500 

- 

- 

PA 


resistance (RbeI = 100^ 

'CEX 

85 

-1.5 


- 

- 


- 


500 
















40 

-1.5 


— 

5 


— 


— 


* 

At T c = 1 50° C 


60 

-1.5 


- 

- 

- 

5 

- 

- 

mA 




80 

-1.5 


- 


- 

- 

- 

5 





20 



_ 

1 

_ 

_ 

_ 

_ 


* 

With base open 

'CEO 

30 



- 

- 

- 

1 

- 

- 

mA 



40 



- 

- 

- 

- 

- 

1 


* 

Emitter-Cutoff Current 

'ebo 


- 5 

0 

- 

1 

- 

1 

- 

1 

mA 

* 

DC Forward-Current 


4 


5 a 

20 

150 

20 

150 

20 

150 



Transfer Ratio 

h FE 

4 


15® 

5 

- 

5 

- 

5 

- 



Collector-to-Emitter 













Sustaining Voltage 

V CEO (sus) 



0.2 

40 b 

- 

60 b 

- 

80 b 



* 

With base open 












With external base-emitter 

V CER <SUS> 



0.2 

. 








resistance (Rg E ) = 100ft 



45 b 


65° 


85 b 


V 


With base-emitter junction reverse - 
biased and external base-to-emitter 
resistance ( R B = 100ft 

V CEX (sus) 


-1.5 

0.2 

50 b 

- 

70 b 

- 

90 b 

- 


* 

Base-to- Emitter Voltage 

V BE 

4 

4 


5 a 

l5 a 


1.3 

3.5 

- 

1.3 

3.5 

- 

1.3 

3.5 

V 

* 

Collector-to-Emitter T *B = A 

V CE (sat) 



5a 


1.3 


1.3 

_ 

1.3 



Saturation Voltage [ = 5 A 



15 a 

- 

3.5 

- 

3.5 

- 

3.5 

V 

* 

Magnitude of Common-Emitter 













Small-Signal Short-Circuit 
Forward-Current Transfer Ratio : 

K I 

4 


1 

5 

- 

5 


5 

- 



f = 1 MHz 












* 

Common-Emitter, Small-Signal, 













Short-Circuit, Forward-Current 
Transfer Ratio (f = 1 kHz) 

h fe 

4 


1 

25 


25 


25 




Thermal Resistance - 













Junction-to-case 

R 0JC 





1.67 

" 

1.67 


1.67 

o 















Junction-to-ambient 

r 0ja 







70 

— 

70 



* In accordance with JEDEC registration data format (JS-6 RDF-2). b CAUTION: Sustaining voltages V CEQ (sus). V CER {sus) an(j v , J( 
8 Pulsed; pulse duration = 300 us. duty factor = 1 .8%. MUST NOT be measured on a curve tracer, f See Fig. fa) 


* For p-n-p devices, voltage and current values are negative. 


TERMINAL CONNECTIONS 

Terminal No. 1 — Base 
Terminal No. 2 — Collector 
Terminal No. 3— Emitter 
Mounting Flange Terminal No. 4 — Collector 
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2 4 6 8 10 2 40 60 80 100 2 

COLLECTOR-TO-EMITTER VOLTAGE (Vqe) V 

92CS — 22805 


Fig. 1 — Maximum operating areas for alt types*. 



Fig.2 — Thermal-cycling rating chart for all types. 



CASE TEMPERATURE (T C )-°C 92CS-I5990 

Fig. 3 - Derating chart for all types. 


♦ For p-n-p devices, voltage and current values are negative. 
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File No. 678 



Fig.4 — Maximum operating areas for all types*. 



Fig. 6 — Typical dc beta characteristics for 2N6486, 2N6487, 
and 2N6488. 


12 

< >o 

II 

o 

2 8 

h- 

Z 

UJ 

cc 

“ 6 

:ase temperature (t c 

* 25 °C 

yi 

i 


1 

h / 

||| 

1 

1 

1 

I 

1 

I 

11 










o 

o 

o 4: 

Ui 

_l 

:| 


'/}> 

$ 

twu. 

r ANi 

:'e 

| 

*be| ! 

i 

n 

III 

o 

o 

2 


| 

1 

1 

1 

t 

1 


|| 

1 

ill 
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92CS-2I846RI 

Fig. 8 — Minimum reverse-bias second-breakdown characteristics 
for all types*. 

♦ For p-n-p devices, voltage and 
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COLLECTOR CURRENT (Ir)— A 

92CS-I957I 


Fig. 5 — Typical collector-to-emitter saturation-voltage characteristics 
for all types. / 



COLLECTOR CURRENT ( I c ) — A 

92CS- I9576R I 


Fig. 7 — Typical dc beta characteristics for 2N6489, 2N6490, 
and 2N6491. 



Fig. 9 — Typical gain-bandwidth product vs. collector current for 
all types*. 

current values are negative. 
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2N6486— 2N6491 



Fig. 10— Typical input characteristics for all types \ 



92CS-22807 

Fig. 11 — Typical output characteristics for all types * 



0.5 I 1.5 2 2.5 

BASE-TO-EMITTER VOLTAGE (V BE )— V 

92CS-2239I 


Fig. 12 — Typical transfer characreristics for all types * 



Fig. 13— Typical saturated switching characteristics for 
2N6486, 2N6487, and 2N6488. 



92CS-I958I 

Fig. 14— Typical saturated switching characteristics for 
2N6489, 2N6490, and 2N6491. 


* For p-n-p devices, voltage and current values are negative. 
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92CS -24801 


Fig. 15 — Circuit used to measure switching times for 2N6486, 
2N6487, and 2N6488. 


* V EE 



* R c IS CHOSEN FOR X c 

* V£E AND Vbb ARE MEASURED FOR Xb, AND Xb 2 

IB, AND Ib 2 ARE MEASURED WITH TEKTRONIX CURRENT PROBE P-6019 
AND TYPE 134 AMPLIFIER, OR EQUIVALENT 92CS-I9586R3 

Fig. 17 — Circuit used to measure switching times for 2N6489, 
2N6490, and 2N6491. 


v C c *0-1.75 v 



«FOR N-P-N TYPES 2N6486, 2N6407.AND 2N6488, 

REVERSE POLARITY OF BATTERY AND V<;C- 92CS- 22810 


Fig. 19 — Circuit used to measure sustaining voltages Vq^q(sus), 
VcER^ us hand Vq^(sus) for all types. 



Fig. 16 — Phase relationship between input and output currents 
showing reference points for specification of switching 
times (test circuit shown in Fig. 15). 



Fig. 18 — Oscilloscope display for measurement for switching times 
(test circuit shown in Fig. 17). 



* PULSE CURRENT (Ip) RANGE * 0. 6-0.8 A 

THE SUSTAINING VOLTAGES Vceo(»‘**).VCER<»u$), AND Vcex(»“»> ARE ACCEPTABLE WHEN 
THE TRACES FALL TO THE RIGHT AND ABOVE POINT "A" FOR TYPES 2N8486 AND 2N6489; 
POINT "B” FOR 2N6487 AND 2N6490; AND POINT "C" FOR 2N6488 AND 2N6491. 


92CS- 22811 

Fig. 20 — Oscilloscope display for measurement of sustaining voltages 
(test circuit shown in Fig. 19). 
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Power Transistors 


Solid State 
Division 


2N6510-2N6514 



High-Voltage, High-Current 
Silicon N-P-N 

Power-Switching Transistors 

For Switching Applications in Industrial 
Commercial and Military Equipment 

Features: 

0 Fast switching speed 
0 Epitaxial pi-nu construction 
0 Hermetic steel package— JEDEC TO-3 
0 Maximum-safe-area-of-operation curves 
0 Thermal-cycling rating chart 


The RCA-2N6510, -2N651 1, -2N6512, -2N6513, and-2N6514° 
are epitaxial silicon n-p-n power transistors with pi-nu con- 
struction. They are especially designed for use in electronic 
ignition circuits and other applications requiring high-voltage, 
high-energy, and fast-switching-speed capability. 


These devices are hermetically sealed in a steel JEDEC TO-3 
package. They differ from each other in breakdown-voltage 
ratings, leakage, a nd beta characteristics. 

°Formerly RCA Dev. Nos. TA8847D, TA8847A, TA8847B, TA8847C, 
and TA8847E, respectively. 


TERMINAL CONNECTIONS 

Pin 1 - Base 
Pin 2 — Emitter 
Case — Collector 
Mounting Flange — Collector 


MAXIMUM RATINGS, Absolute-Maximum Values: 


' 


2N6510 

2N6511 

2N6512 

2N6513 

2N6514 


•COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

V CBO 

250 

300 

350 

400 

350 

V 

With external base-to-emitter resistance R BE = 50 n 

v CER (sus) 

250 

300 

350 

400 

350 

V 

* With base open 

v CEO (sus) 

200 

250 

300 

350 

300 

V 

•EMITTER-TO-BASE VOLTAGE 


6 

6 

6 

6 

6 

V 

•CONTINUOUS COLLECTOR CURRENT 

! C 

7 

7 

7 

7 

7 

A 

•CONTINUOUS BASE CURRENT 

'b 

3 

3 

3 

3 

3 

A 

•EMITTER CURRENT 

•TRANSISTOR DISSIPATION: 

«E 

P T 

10 

10 

10 

10 

10 

A 

At case temperatures up to 25°C 

At case temperatures above 25°C 


120 

120 120 120 
See Figs. 1 and 2. 

120 

W 


•TEMPERATURE RANGE: 

Storage and Operating (Junction) —65 to +200 °C 

•PIN TEMPERATURE (During Soldering): 

At distances ^ 1/32 in. (0.8 mm) from seating plane for 10 s max. ■ 230 °C 

*ln accordance with JEDEC registration data format JC-25 RDF-1 . 
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CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

Vdc 

CURRENT 

Adc 

2N6510 

2N6511 

V C E 

< 

DO 

m 

•c 

■b 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Collector-Cutoff Current: 

With base open 

'CEO 

150 

200 




_ 

_ 

5 

_ 

: 

5 

mA 

With base-emitter 
junction reverse biased 


250 

300 

-1.5 

-1.5 



_ 

_ 


1 

- 

5 

mA 

With base-emitter 
junction reverse biased, 

T c = 100°C 

250 

300 

-1.5 

-1.5 



■ 

B 

10 

B 

B 

10 

Emitter-Cutoff Current 

'ebo 


71 





3 

- 

- 

3 


Collector-to-Emitter 

Sustaining Voltage: 

With base open 


■ 

■ 

0.2 





250 b 

B 


i 

With external base-to- 
emitter resistance: 

Rbe = 50 £2 


■ 

■ 

0.2 



B 

- 

B 

B 

fl 

Emitter-to-Base Voltage: 

1^ = 3 mA 


■ 

■ 



6 

_ 

_ 

6 

_ 

■ 


DC Forward-Current 

Transfer Ratio 


3 

3 


I 


10 

- 

gl 

10 

- 

on 


Base-to-Emitter 

Saturation Voltage 




3 a 

0.6 

0.8 

— 

- 

a 

- 

- 

H 

V 

Collector-to-Em itter 

Saturation Voltage 


■ 

■ 


0.6 

0.8 

3 

B 

1.5 

i 

B 


i 

V 

Output Capacitance: 

V CB = 10 V,f = 1 MHz 

^obo 





100 

- 

200 

100 

- 


PF 

Magnitude of Common 

Emitter, Small-Signal 
Short-Circuit, Forward- 
Current Transfer Ratio: 
f= 1 MHz 

1 1 


1 

1 

1 

3 

- 

9 

3 

1 


B 

Forward-Bias, Second- 
Breakdown Collector 
Current: 

t = 1 s, nonrepetitive 

*S/b 

38 

200 

1 

1 

1 

3.16 

0.1 

- 

- 

3.16 

0.1 

i 

1 

A 

Switching Time: 0 

(V CC = 200 V, I B i = I B 2> : 

Delay Time 

*d 

1 

1 

H 

0.6 

0.8 

- 

0.1 

0.2 

- 

0.1 


Ms 

Rise Time 

tr 



a 

m 

■ 


1.5 

_ 

0.7 

1.5 

Storage Time 

*s 



a 

m 

_ 


5 

— 

3 

5 

Fall Time 

tf 



a 

m 

- 


1.5 

— 


1.5 

Thermal Resistance: 
Junction-to-Case 

R 0JC 

20 


5 


_ 

_ 

1.46 

_ 

_ 

1.46 

°C/W 


* Minimum and maximum values and test conditions b CAUTION: The sustaining voltages Vq^qIsus) and V^^plsus) 

in accordance with JEDEC registration data format JC-25 RDF-1. MUST NOT be measured on a curve tracer. These sustaining 

a Pulsed; pulse’duration = 300 M s, duty factor < 2%. voltages should be measured by means of the test circuit shown 

in Fig. 11. 

c See Figs. 8-10. 
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File No. 848 


2N6510-2N6514 


ELECTRICAL CHARACTERISTICS, Case Temperature (Tq) =25°C Un/ess Otherwise Specified 



CHARACTERISTIC 


Collector-Cutoff Current: 
With base open 


With base-emitter 
junction reverse biased 


With base-emitter 
junction reverse biased, 
T c = 100°C 


Emitter-Cutoff Current 


Collector-to-Emitter 
Sustaining Voltage: 
With base open 


With external base-to- 
emitter resistance: 
Rg E = 50 £1 


Emitter-to-Base Voltage: 
1 E = 3 mA 


DC Forward-Current 
Transfer Ratio: 

2N6512, 2N6513 
2N6514 


Base-to-Emitter 
Saturation Voltage: 

2N6512, 2N6513 
2N6514 


Collector-to-Emitter 
Saturation Voltage: 

2N6512, 2N6513 V CE (sat) 
2N6514 
All types 


Magnitude of Common 
Emitter, Small-Signal 
Short-Circuit, Forward- 
Current Transfer Ratio: 
f = 1 MHz 


Forward-Bias, Second- 
Breakdown Collector 
Current: 

t = 1 s, nonrepetitive 


TEST CONDITIONS 


VOLTAGE CURRENT 
V dc A dc 



Minimum and maximum values and test conditions 
in accordance with JEDEC registration data format JC-25 RDF-1. 
J Pulsed; pulse duration = 300 /is, duty factor 2%. 


' CAUTION: The sustaining voltages Vq^qIsus) and V cer (sus) 
MUST NOT be measured on a curve tracer. These sustaining 
voltages should be measured by means of the test circuit shown 
in Fig. 11. 
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2N6510-2N6514 

ELECTRICAL CHARACTERISTICS, Case Temperature (T c ) = 25°C Unless Otherwise Specified (Cont'd) 


. File No. 848 


CHARACTERISTIC 

SYMBOL 

Switching Time: 0 

(V CC = 200 V, l B1 = l B2 ): 
Delay Time: 

2N6512, 2N6513 
2N6514 

*d 

Rise Time: 

2N6512, 2N6513 
2N6514 

*r 

Storage Time: 

2N6512, 2N6513 
2N6514 

t s 

Fall Time: 

2N6512, 2N6513 
2N6514 


Thermal Resistance: 

Junction-to-Case 

R 0JC 


I TEST CONDITIONS 

LIMITS 

VOLTAGE 

V dc 

CURRENT 
A dc 

2N6512 

2N6514 

2N6513 
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COLLECTOR CURRENT (I C ) 


2N6510 



!9 






2N6510-2N6514 


File No. 848 



- COLLECTOR- SUPPLY VOLTAGE (V cc )*200 V | 
• PULSE DURATION > 25 us 
DUTY CYCLE <1% 
x BI =_I B2‘ r C /5 



COLLECTOR CURRENT ll c ) — A 


92CS-25034 


Fig. 8— Typical rise- and fall-time characteristics 
for all types. 


Fig. 9— Typical storage-time characteristic for all types. 



CHARACTERISTICS CHARTS. 



Fig. 10— Circuit used to measure switching times for all types. 


CLARE MERCURY RELAY 



0 4 

1 1 1 1 

■ i I i 

\j f ie \ O 4 

L ill 


fs 

0.2 

8 0 

! hs 

i i i i 
IAlB|C D 



1 1 1 1 

1 {-I- | - 

200 J 300 | 

V CE0 VSUS) u 
./ 0, 

~~ 0 

1 1 i 

250 1 350 ! 

\ V CER 
£ 


250 350 


300 400 


COLLECTOR-TO- EMITTER VOLTAGE (V CE ) — V 


92CS- 25032 

The sustaining voltages Vq£q(sus) and ^Qgplsus) are acceptable 
when the traces fall to the right of point "A" for 2N6510; 
point "B" for 2N6511; point “C" for 2N6512 and 2N6514; 
and point *'D" for 2N6513. 


Fig. 1 1— Circuit used to measure sustaining voltages 
v CEO^ SU5 ^ and V CER^ SU5 ^ for alt ^ es - 


Fig. 12— Oscilloscope display for measurement of 
sustaining voltages. (Test circuit shown in 
Fig.11.) 
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File No. 112 


Power Transistors 


Solid State 
Division 


40250, 40250V1*, 40251 


RCA-40250, 40250V1, and 40251 are “HOMETAXIAL”- 
BASE diffused-junction, silicon n-p-n transistors in- 
tended for a wide variety of intermediate- and high-power 
applications. These transistors are especially suitable 
for use in audio and inverter circuits in 12-volt mobile 
radio and portable communications equipment. 

Type 40250V1, with an attached heat radiator, is in- 
tended for those applications which require a rugged 
transistor for mounting on a printed-circuit board. Tabs 
are provided on the underside of the radiator for mount- 
ing purposes and for making electrical connection to the 
collector (which is connected internally to the mounting 
flange of the TO-66 Package). 


© Designed to assure freedom from second breakdown in 
class-A operation at maximum ratings 


40250 

© JEDEC TO-66 package 
for mounting convenience 
and positive heat-sink 
contact 

• Vcev = 50 V min. 

• fj = 1.0 Mc/s typ. 

© R(sat) = 1 Q max. 


40250V 1 

© Heat— radiator package 

with mounting tabs for 
printed-circuit-board ap- 
plication 

• 5.8-W dissipation capa- 
bility (at 25°C free-air 
temperature) 

• V CE y = 50 V min. 

© fj = 1.0 Mc/s typ. 

o R(sat) = 1 Q max. 


40251 

• High-dissipation capability — 117 W max. 
© V c e v = 50 V min. 

© R(sat) = 0.1875 Q max. 

• fj = 0.5 Mc/s typ. 


SILICON N-P-N 
POWER TRANSISTORS 

General-Purpose Types for 
Industrial and Commercial Applications 

* The “VI" suffix in the type number “40250V1” designates' 
the first variant of the basic type 40250. The Vl-version is a 
type 40250 transistor with an attached heat radiator for free- 
air operation. 


TOP 



40250V1 

40251 (JEDEC TO-66 

(JEDEC TO-3) WITH HEAT RADIATOR) 


MAXIMUM RATINGS 

Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE, VCBO 

COLLECTOR-TO-EMITTER VOLTAGE: 

With 1.5 volts of reverse bias, VcEV 

With base open, VcEO • 

EMITTER-TO-BASE VOLTAGE, V E BO 

COLLECTOR CURRENT, I C 

BASE CURRENT, Ib 

TRANSISTOR DISSIPATION, Pt: 

At case temperatures up to 25°C 

At free-air temperatures up to 25°C 

At temperatures above 25°C . . 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

PIN TEMPERATURE (During soldering): 

At distances A 1/32 in. from seating plane for 10 s max 


40250 

40250V 1 

40251 

50 

50 

50 

50 

50 

50 

40 

40 

40 

5 

5 

5 

4 

4 

15 

2 

2 

7 

29 

_ 

117 

- 

5.8 

- 

See F ig.3 

See Fig. 4 

See Fig. 5 


-65 to 200 
235 


V 


V 


V 

V 
A 
A 


°C 

°C 


6-66 
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40250, 40250V 1, 40251 
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ELECTRICAL CHARACTERISTICS 

Case Temperature (Tq) of 25°C Unless Otherwise Specified 


Characteristic 

Symbol 

TEST CONDITIONS 

LIMITS 

Units 

DC 

Col lector 
Volts 

DC 

Emitter 
or Base 
Volts 

DC 

Current 

(Amperes) 

I® s 

40250V 1 

Type 

40251 

V CB 

V C E 

Veb 1 

< 

CO 

m 

ic 

IE 

IB 

Min. 

Max. 

Min. 

Max. 

Collector-Cutoff Current 

^BO 

30 





0 


- 

1 

- • 

- 

mA 

! cev 


40 


-1.5 




- 

- 

- 

2 

mA 

At T C = 150° C 

JCBO 

30 





0 


- 

5 

- 

- 

mA 

ICEV 


40 


-1.5 




- 

- 

- 

10 

mA 

Emitter-Cutoff Current 

^BO 



5 


0 



- 

5 

- 

10 

mA 

DC Forward-Current 
Transfer Ratio 

h FE 


4 

4 



1.5 

8 



25 

100 

15 

60 


Collector-to-Base 
Breakdown Voltage 

bv cbo 





0.05 

0.1 



50 

- 

50 

- 

V 

Collector-to-Emitter 
Breakdown Voltage 

bv cev 




-1.5 

-1.5 

0.05 

0.1 



50 

- 

50 


V 

Collector-to-Emitter 
Sustaining Voltage 

V CEO (sus) 





0.1 

0.2 



40 

- 

40 

- 

V 

Emitter-to-Base 
Breakdown Voltage 

bv ebo 





oo 

0.005 

0.01 


5 

- 

5 

- 

V 

Base-to-Emitter Voltage 

V BE 


4 

4 



1.5 

8 



- 

2.2 

- 

2.2 

V 

Col lector-to-Emitter 
Saturation Voltage 

VQg(sat) 





1.5 

8 


0.15 

0.8 

_ 

1.5 

- 

1.5 

V 

Power Rating Test 

PRT 


39 



3 



- 

- 

- 

1 

s 

Thermal Resistance: 
Junction-to-Case 

Junction-to-Free-Air 

^J-C 








6.0 (max.) 
40250 

- 

1.5 

°c/w 

#J-FA 








30 (max.) 
40250V 1 

- 

- 

°c/w 


TYPICAL AUDIO-AMPLIFIER CIRCUIT 
FOR TYPE 40250 


TYPICAL INVERTER CIRCUIT 
EMPLOYING A PAIR OF TYPE 40251*s 


V C C * 13.7 V. 



Distortion = 6.5% at POUT = 4 W 

= 2% at Pout = 400 mW, f = 1 kc/s 

Fig.l 
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Power Transistors 


rocBz/o 

Solid State 
Division 


40309-40328 

40360-40364 



N-P-M and P-N-P 

Silicon Power Transistors 

For Audio-Frequency Amplifier Applications 
Features: 

■ Hermetically-sealed packages 
n Operation at case temperatures 

up to 257°F 

■ Pellet bonded to header — 

for greater power-handling capability 
for greater shock resistance 

■ Freedom from second breakdown 


These devices are available with either 114- 
inch leads (TO-5 package) or 14-inch leads 
(TO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num- 
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 


RCA transistors 40309—40328 and 40360—40364 are d if - 
fused-junction silicon n-p-n and p-n-p transistors intended 
for specific applications in audio amplifiers, giving high- 
quality performance economically. These types cover appli- 
cations from low-level input stages to high-power output 


stages of 5 to 50 watts. Supply voltages range from the 
nominal 12-volt vehicular type to 1 17-volt ac-dc type. 

The use of all-silicon devices permits more flexibility in the 
mechanical and electrical design of amplifiers since the 
output heat sinks can be held to a minimum. 


MAXIMUM RATINGS (Absolute-Maximum Values) 


CHARACTERISTIC 

40309 

40323 

40311 

40315 

40314 

r- 

co 

o 

05 

CO 

o 

** 

40320 

40326 

40321 

40327 

40360 

40361 

40362 

UNITS 

VCE0( SUS ) 






m 

B3 



- 

- 

m 

- 

■ 

n 

E 






m 




mi 

mu 

- 

m 

mm 

m 

qjqBHBH 


- 

- 

- 

- 

S 




- 

- 

- 

- 

BB 

EB 

MBmmm 

m 

m 

EM 

|ij| 

m 

EZ3 

EH 

El 

EM 

5 

5 

4 

4 

fl 

EB 











- 

- 

- 

- 

B 

EB 


EQj 


9 

m 





m 

1 

1 


HQ 

m 

A 

'B 

m 

HQ 

EM 

EM 

01 

HQ 

-0.2 

EQ 

HQ 

mu 

HQ 

EQ 

EQ 


A 

Pr*** 

Tc up to 25° C 

B 


B 

m 

5 

5 

5 

B 

B 

5 

B 


B 

5 


TfA U P to 25°C 

H 

■1 


m 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


TC of 175°C 



- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 


TEMP. RANGE: 

Oper. Junction 



p 

°C 




*RfJE = 500 n **VbE = 1-5V *** At other temperatures see derating curves 


RfiE = 1.000 S2 for 40327 
RBt = 200 S2 for 40361, 
40362, & 40363 
RBE = 150 S2 for 40364 


9-73 
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40309-40328, 40360-40364 File No. 78 

MAXIMUM RATINGS (Absolute-Maximum Values) (Cont'd.) 


CHARACTERISTIC 

40325 

40363 

40310 

40324 

40316 

40312 

40313 

40318 

40322 

40328 

40364 

UNITS 

VcE0< su s) 

35 

- 

35 

35 

- 

- 

- 

- 

- 

- 

- 

V 

VCER(sus)* 

- 

70 

- 

- 

40 

60 

300 

300 

300 

300 

60 

V 

VcEV** 

35 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

V 

VEB0 

5 

4 

2.5 

2.5 

5 

2.5 

2.5 

6 

6 

6 

4 

V 

VCB0 

35 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

V 

«C 

15 

15 

4 

4 

4 

4 

2 

2 

2 

2 

7 

A 

»B 

7 

7 

2 

2 

2 

2 

1 

1 

1 

1 

5 

A 

Pj*** 

Tc up to 25°C 

117 

115 

29 

29 

29 

29 

35 

35 

35 

35 

35 

W 

Tfa up to 25°C 

- 

- 

- 

- 

- 

- 

“ 

- 

- 

- 

- 

w 

Tc of 175°C 

- 

- 

- 

- 

~J 

- 

5 

5 

5 

5 

- 

w 

TEMP. RANGE: 

Oper. Junction 


-65 to 200° C 


°c 




** V BE = -1.5V *** At other temperatures see derating curves 


RBE = 1.000 n for 40327 
Rfit = 200 n for 40361, 
40362, & 40363 
RBE = 150 n for 40364 


ELECTRICAL CHARACTERISTICS for Types in TO -3 Package 


CHARACTERISTIC 

TEST CONDITIONS i 

LIMITS 

UNITS 

VCB | V C E | V E B 

•c 

T C 

40525 

40363 

Volts 

mA 

°C 

ICBO( Max -) 

30 




25 

5 


mA 

30 




150 

10 


ICER A (Max.) 


60 



25 


1 

mA 


60 



150 


10 

lEBO(Max.) 



5 



10 


mA 



4 




5 

BVcEO( s us)(Min.) 




200 


35 


V 

v CER(sus)±(Min.) 




200 



70 

V 

BVcBO( M >n.) 




100 


35 


V 

VsElMax.) 


4 


8A 


2 


V 


4 


4A 



1.8 

VcE(sat)(Max.) 




8A* 


1.5 


V 




4A** 



1.1 

hFE 


4 


8A 


12-60 




4 


4A 



20-70 

0j.C(Max.) 






1.5 

1.5 

°C/W 

fT(Typ.) 


4 


3A 



700 

kHz 


*lB = 800 mA **Ib = 400 mA A RsE = 200ft 
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File No. 78 40309-40328, 40360-40364 


ELECTRICAL CHARACTERISTICS for Types in TO-5 or TO-39 Package 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

V CB 

V CE 

V EB 

*C 

T C 

40309 

40311 

40314 

40315 

40317 

40319 

40320 

Volts 

mA 

°C 

l CB o< Max ^ 

15 




25 

0.25 

0.25 

0.25 

0.25 

0.25 


0.25 

PA 

-15 




25 






-0.25 


15 




150 

1 

1 

1 

1 

1 


1 

mA 

-15 




150 






-1 


l EBO (MaXl) 



2.5 



1 

1 

1 

1 

1 


1 

mA 



-2.5 








-1 


VcEC)(sus)(Min.) 




100* 


18° 

30 

40 

35° 

40 


40 

V 




-100* 







—40* 


V BE (Max.) 


4 


50 


1 

1 

1 

1 




V 


4 


10 






1 


1 


-4 


-50 







-1.0 


V CE (sat)(Max.) 




150* 




1.4 



-1.4 


V 

h FE 


4 


50 


70-350 

70-350 

70-350 

70-350 






-4 


-50 







35-200 



4 


10 






40-200 


40-200 

0j. c (Max.) 






35 

35 

35 

35 

35 

35 

35 

°C/W 

0j_FA^ ax ^ 






175 

175 

175 

175 

175 

175 


°C/W 

f T (Typ.) 


10 


50 


100 

100 


100 




mHz 


-4 


-50 







100 



4 


50 




100 






*Pulsed; pulse duration = 300 p sec, duty factor< 2%. 

*lB = 15mA 

° RbE = 1,000 ohms 

°BVceo value. 


R BE = 200 12 for 40361 & 40362 

t Negative value for 40362 




TERMINAL CONNECTIONS 

Pin 1 — Base 
Pin 2 — Emitter 
Case - Collector 
Mounting Flange — Collector 


TERMINAL CONNECTIONS 

Lead 1 — Emitter 

Lead 2 - Base 

Lead 3 — Collector, case 


TERMINAL CONNECTIONS 

Pin 1 — Base 
Pin 2 — Emitter 

Mounting Flange, Case-Collector 
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40309-40328, 40360-40364 File No. 78 

ELECTRICAL CHARACTER ISTICS for Types in TO-5 or TO-39 Package (Cont'd.) 



*Pulsed; pulse duration = 300 /nsec, duty factor< 2%. ^lB = 15mA " RBE = 1 »°°0 ohms 

#BV CEO value - R BE = 200 n for 40361 & 40362 

t Negative value for 40362 
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40309—40328, 40360-40364 


ELECTRICAL CHARACTERISTICS for Types in TO-66 Package At T Q = 25° C Unless Otherwise Specified. 


CHARACTERISTIC 

CONDITIONS 

LIMITS 

UNITS 

V CB 

V CE 

V EB 

■c 

T C 

40310 

40312 

40313 

40316 

40318 

40322 

40324 

40328 

40364 

Volts 

A 

°c 

l CEO^ MaX-) 


150 






5 


5 , 



5 


mA 



150 

1.5® 


25 





5 



10 



*CEV^ Max ^ 


300 

1.5® 





10 









150 

1.5® 


150 





10 



10 


mA 



300 

1.5® 





10 


5 



10 



l CER A(Max.) 


50 



25 









0.5 

mA 


50 



150 









2 

'CBO^ Max '* 

15 




25 

10 

10 


10 



10 



pA 

15 




150 

5 

5 


5 



5 






2.5 



5 

5 

5 




5 




*EBO* Max ** 



5 






5 






mA 



6 







5 

5 


5 





4 











5 














35* 



V 



2 


1 


mm 

EM 


1.4 



1.4 






10 


ESI 




1.5 








V BE (Max.) 


mm 


m 






1.5 





V 



10 


i 









1.5 





5 


2.5 










1.8 


V CE (sat)(Max.) 




2.5 










2° 

V 

VcER( sus HMin.) 




o.r 



60 


40 










0.2 




300* 


300* 

300* 


300* 

70 b 

V 



2 


1 


20-120 

20-120 


20-120 



10-120 






5 


0.5 










35-175 




5 


2.5 










20 


hp E (Mln. or range) 


10 


0.1 




40-250 










10 


0.5 




40 


50 

75 







10 


0.02 






40 

40 


40 





10 


1 









20 




JEDEC TO-3 PACKAGE JEDEC TO-5 OR TO-39 PACKAGE JEDEC TO-66 PACKAGE 


40325 

40309 

40319 

40327 

40310 

40322 

40363 

40311 

40320 

40360 

40312 

40324 


40314 

40321 

40361 

40313 

40328 


40315 

40323 

40362 

40316 

40364 


40317 

40326 


40318 
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40309-40328, 40360-40364 File No. 78 

ELECTRICAL CHARACTERISTICS for Types in TO-66 Package At T Q = 25° C Unless Otherwise Specified (Cont'd.) 



CONDITIONS 

LIMITS 


CHARACTERISTIC 

V CB 

V CE 

V EB 

■c 

T C 

40310 

40312 

40313 

40316 

40318 

40322 

40324 

40328 

40364 

UNITS 


Volts 

A 

°C 











f T (Typ.) 


4 


0.5 


750 

750 


750 



750 



kHz 


10 


2.5 










15 

mHz 

I s/b # (Min.) 


150 






150 


100 

100 


100 


mA 


40 












750 

mA 

E S/b" (Min ’) 



4 







50 

50 





0j_ c (Max.) 






6 

6 

5 

6 

5 

5 

6 

5 

5 

°C/W 


• Pulsed; Pulse duration ■ 300 Msec, duty factor *■ 2 %. ®Rgg value ♦ Rgg ' 200 £2, L - 5mM 

is defined as the current at which second breakdown occurs at a specified collector voltage with the emitter-base junction forward biased 
is defined as the energy at which second breakdown occurs under specified reverse bias conditions. * V}IA*. where L is a series 

load or leakage inductance and 1 is the peak collector current. R^£ = 20ohms & L = 100 ..h. 

* ^BE = 1 50 H n Ig = 0.25 A * ^^CEO va ^ ue- 



TEMPERATURE— °C 

92CS-III72RI 

Fig.1 — Dissipation rating curves for types 40309, 40311, 40314, 
40315, 40317, 40319 { 40320, 40323, 40326, 40360, 
40361, and 40362. 
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Fig.2 — Dissipation derating curve for types 40310, 40312, 
40316, and 40324. 
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Solid State 
Division 


Power Transistors 

40346 40346V1 40346V2 
40412 4041 2V1 4041 2 V2 



40346V2 
4041 2V2 

H-1375 



40346V 1 
4041 2 VI 


H-1468 



40346S 
4041 2S 

I I I 


40346L 

40412L 

I I 1 


H-1380 


Medium-Power Silicon 
N-P-N Planar Transistors 

For High-Voltage Switching and 
Linear-Amplifier Applications 


Features: 

■ For operation at junction 
temperature up to 200°C 

■ Planar construction for 
low noise and low leakage 


These devices are available with either 1 Vi- 
inch leads ITO-5 package) or Vi-inch leads 
(TO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num- 
ber; the shorter-lead versions are specified by 
suffix "S” after the type number. 


RCA-40346, -40346V1, -40346V2, -40412, -4041 2V1, and 
-4041 2V2 are silicon n-p-n transistors having high breakdown 
voltages, high frequency-response capability, and fast switch- 
ing speeds. 

These transistors are intended for a wide variety of low- and 
medium-power, high-voltage applications. Types 40346, 
40346V1, and 40346V2 are especially useful in such de- 
vices as neon indicator and NIXIE* driver circuits and 
in differential and operational amplifiers. Types 40412, 
4041 2V1, and 4041 2V2 are especially suited for class-A 
ac/dc audio-amplifier service. 


Types 40346 and 40412 are supplied in a JEDEC TO- 
39 (S) or TO-5 (L) package; types 40346V1 and 4041 2V1, 
with a factory-attached heat radiator for greater free-air 
dissipation, capability; and types 40346V2 and 4041 2V2 are 
supplied with an attached flange for increased power dissi- 
pation and mounting convenience. 


* Nixie is a Registered Trademark of Burroughs Corporation, 
Electronic Components Division, Plainfield, N. J. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


COLLECTOR-TO-EMITTER VOLTAGE: V C ER(sus) 

With Rbe= 1,000 £2 

With R be = 10,000 SI 

COLLECTOR CURRENT I C 

BASE CURRENT I B 

TRANSISTOR DISSIPATION: P T 

At case temperatures up to 25°C 


At free-air temperatures up to 50°C .... 
At free-air temperatures up to 25°C .... 

At other temperatures 

TEMPERATURE RANGE: 

Storage and Operating 


40346 

40346V 1 

40346 V2 40412 

4041 2 VI 

4041 2V2 

175 

175 

175 

_ 

- V 

- 

- 

250 

250 

250 V 

1 

1 

1 1 

1 

1 A 

0.5 

0.5 

0.5 0.5 

0.5 

0.5 A 

10 

- 

10 10 

_ 

10 W 

1 

— 

1 

— 

- W 

- 

4 

See Fig. 1 — 

4 

- W 


-65 to +200 ► °C 


402 


9-73 
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ELECTRICAL CHARACTERISTICS, Case Temperature (Tq) = 25°C, Unless Otherwise Specified 


40346, VI, V2 
40412, VI, V2 


CHARACTERISTICS 

SYMBOL 

VOLTAGE 

V dc 

CURRENT 

mA dc 

LIMITS 

UNITS 

40346 

40346V2 

40346V1 

404 12 

40412V2 

404 12V 1 

V CE 

V EB 

r c 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Collector-Cutoff Current: 

With base open 

With R = 10,000 ohms 

With base reverse-biased: 
T„_25° C 

Tp- 150° C 

T^X50°C 

r CEO 

J CER 

|cEV 

JCEV 

lEV 

100 

100 

200 

200 

ISO 

1.5 

1.5 

1.5 

- 

- 

5 

_ 

10 

1 


5 

10 

1 


1 

2 

_ 

1 

2 

HA 

mA 

|1A 

mA 

mA 

Emitter-Cutoff Current 

|ebo 

r EBO 

_ 

4 

3 

- 

" 

5 

— 

5 

- 

100 

- 

100 

\XA 

HA 

Collector-To-Emitter 
Sustaining Voltage: 

With external base-to- 
emitter resistance 

R BE= 1,000 ohms 

R BE= 10,000 ohms 

^CER(sus) 

V CER(8us) 

1 

1 

50 

50 






- 

250 



Collector-To-Emitter 
Saturation Voltage*. 

IB = 1 mA 

V CE(sat) 

- 

- 

10 

- 

0.5 

- 

0.5 


- 

- 

- 

V 

Base-To-Emitter Voltage 

V BE 

10 

- 

10 

- 

1 

- 

1 

- 

- 

- 

- 

V 

Second-Breakdown Current 

J S/b 

200 

- 

- 

- 

- 

- 


50 

- 

50 

- 

' mA 

DC Forward-Current 

Transfer Ratio 

J*FE 

h FE 

10 

20 

_ 

10 

30 

25 

- 

25 

- 

40 

_ 

40 

_ 


Small-Signal Forward- 

Current Transfer Ratio: 
f =5 MHz 

h fe 

10 

_ 

10 

2 

_ 

2 

— 

2 

_ 

2 

- 


Output Capacitance: 

VCB= 10 V, f = 1 MHz 

C ob 

- 

- 

- ! 

- 

- 

- 

- 

- 

10 

- 

10 

PF 

Thermal Resistance: 
Junction-to-case 
Junction-to-free air 

R0JC 

RtfJFA 

- 

- 

: 

: 

15 



45 

- 

15 



45 

°C/W 

°c/w 
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92LS-I554 


Fig. 1 — Dissipation derating curves. 



92CS-I26I5 

Fig. 2 — Typical dc-beta characteristics for all types. 



92CS-I32IO 

Fig. 3 — Typical output characteristics for all types. 



92CS-I26I9 

Fig. 5 — Typical transfer characteristics for all types. 



92CS-I26I8 

Fig.4 — Typical input characteristics for all types. 

TERMINAL CONNECTIONS 
FOR 40346 AND 40412 

Lead 1 — Emitter 
Lead 2 — Base 
Case, Lead 3 — Collector 


TERMINAL CONNECTIONS 
FOR 40346V1 AND 40412V1 

Lead 1 - Emitter 
Lead 2 — Base 

Heat Radiator, , Lead 3 - Collector 


TERMINAL CONNECTIONS 
FOR 40346V2 AND 4041 2V2 

Lead 1 - Emitter 
Lead 2 - Base 
Flange, Lead 3 — Collector 
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Power Transistors 


Solid State 

40347 

40347V1 

40347V2 

Division 

40348 

40348V1 

40348V2 


40349 

40349V1 

40349V2 



40347 VI 
40348V 1 
40349V 1 


H-1468 


H-1380 


Hometaxial-Base Silicon N-P-N 
Medium- and High-Voltage Transistors 

General-Purpose Transistors for Industrial and 
Commercial Equipment 

Features: 

o High second-breakdown resistance 
n VQg(sat) typically less than 1 V at 1A 
for 40347 and 40348 
o V CEV (sus) for 40349 = 160 volts min. 
n Hermetically-sealed packages 


These devices are available with either 1>2- 
inch leads (TO-5 package) or %-inch leads 
(TO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num- 
ber; the shorter-lead versions are specified by 
suffix "S” after the type number. 


RCA-40347, 40348, and 40349 are hometaxial-base, silicon 
n-p-n transistors intended for a wide variety of low- and 
medium-power applications requiring medium- and high-voltage 
power transistors. These devices differ primarily in their break- 
down-voltage ratings. 

Types 40347 VI , 40348V1, and 40349V1 are 40347, 40348, 
and 40349, respectively, with factory-attached heat radiators; 
they are intended for printed circuit-board applications. 


Types 40347V2, 40348V2, and 40349V2, are 40347, 40348, 
and 40349, respectively, with factory-attached diamond-shaped 
mounting flanges. 

Typical applications for these transistors include switching 
regulators, converters, inverters, relay controls, oscillators, 
pulse amplifiers, and audio amplifiers (in low-power driver 
and output stages). These transistors are especially suitable for 
use in low-cost ac/dc af amplifier circuits. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE V CBQ 

COLLECTOR-TO-EMITTER VOLTAGE: 

With -1 .5 V (V BE ) of reverse bias V CEV 

With base open v CEO 

EMITTER-TO-BASE VOLTAGE V EBQ 

CONTINUOUS COLLECTOR CURRENT I c 

PEAK COLLECTOR CURRENT I CM 

CONTINUOUS BASE CURRENT I B 

TRANSISTOR DISSIPATION P T 

At case temperature up to 25°C 

At case temperature above 25 C 

At ambient temperature up to 25 C 

At ambient temperature above 25 C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

LEAD TEMPERATURE (During soldering): 

At distances ^ 1/32 in. (0.8 mm) from seating plane for 10 s max. 


40347 

40348 

40349 


40347V 1 

40348V1 

40349V 1 


40347V2 

40348V2 

40349V2 


60 

90 

160 

V 

60 

90 

160 

V 

40 

65 

140 

V 

7 

7 

7 

V 

1.5 

1.5 

1.5 

A 

3.0 

3.0 

3.0 

A 

0.5 

0.5 

0.5 

A 

11.7 (40347 V2) 

11.7 (40348V2) 

11.7 (40349V2) 

W 

8.75 (40347) 

8.75 (40348) 

8.75 (40349) 

W 


See Figs. 1 & 2 — 



1.0 (40347) 

1.0 (40348) 

1 .0 (40349) 

W 

4.4 (40347V1 ) 

4.4 (40348V 1) 

See Fig. 3 

4.4 (40349V 1) 

W 


-65 to 200 C8> °C 


230 B> °C 


4-74 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 25° C unless otherwise specified 


Characteristic 

Symbol 

TEST CONDITIONS 

LIMITS 

Units 

Voltage 

V dc 

Current 

A dc 

40347 

40348 

40349 

V CE 

< 

00 

m 

'c 

*B 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Collector-Cutoff Current 


30 





1 






With external base-to- 















60 










/uA 

emitter resistance 











2 


(r be ) = 1 kn 













With R be = 1 kfl 


30 




- 

1 

- 

- 

- 

- 


and T c = 150°C 

'CER 

60 




— 

— 


1 

~ 

~ 

mA 



90 




- 

- 


“ 

“ 

1 


Emitter-Cutoff Current 

'ebo 


-7 



- 

10 

- 

10 

- 

10 

MA 



4 


0.15 


- 

- 

- 

- 

30 

125 


DC Forward-Current 


4 


0.30 


- 

- 

30 

125 

- 

- 


Transfer Ratio 

h FE 

4 


0.45 


25 

100 

- 

- 

10 

- 




4 


1.00 


- 

- 

10 

- 

- 

- 


Collector-to-Emitter 













Sustaining Voltage: 













(See Figs. 4, 6, and 8) 













With base-emitter junc- 

VcEV^ sus ^ 


-1.5 

0.050 


60 

- 

90 

- 

1 60 a 

- 

V 

tion reverse biased 













With base open 

V CEO* sus * 



0.050 


40 

- 

65 

- 

140 a 

- 

V 



4 


0.15 


- 

- 

- 

- 

- 

1.1 


Base-to-Emitter Voltage 

HI 

CO 

> 

4 


0.30 


- 


- 

1.3 

- 

- 

V 



4 


0.45 


- 

1.5 

- 

- 

- 

- 






0.15 

15 mA 

_ 

_ 

_ 

_ 

_ 

0.5 


Collector-to-Emitter 

















0.30 

30 mA 




0.75 



V 

Saturation Voltage 

















0.45 

45 mA 


1 

- 

- 


_ 


Forward-Bias Second Break- 


38 




345 

- 

- 

- 

- 

- 


down Collector Current 

! S/b 

63 




- 

- 

208 

- 

- 

- 

mA 

( 1 -s non-repetitive pulse) 


138 




' - 

- 

- 


95J 

- 








20(max.) 

20(max.) 

20(max.) 


Thermal Resistance 






40347 

40348 

40349 


Junction-to-Case 

R 0JC 





15(max.) 

15(max.) 

15(max.) 

°C/W 







40347V2 

40348V2 

40349V2 


Thermal Resistance: 

Junction-to- Ambient 

r 0JA 





40(max.) 

40347V 1 

40(max.) 

40348V 1 

40(max.) 

40349V 1 

°C/W 


a Pulsed; pulse duration = 300 jus, duty factor < 2%. 


TERMINAL CONNECTIONS FOR TYPES 
40347, 40348, & 40349 

Lead 1 - Emitter 
Lead 2 - Base 
Case, Lead 3 - Collector 


TERMINAL CONNECTIONS FOR TYPES 
40347 VI, 40348 VI, & 4049V1 

Lead 1 - Emitter 
Lead 2 - Base 

Heat Radiator, Lead 3 - Collector 


TERMINAL CONNECTIONS FOR TYPES 
40347V2, 40348V2, & 40349V2 

Lead 1 - Emitter 
Lead 2 - Base 
Flange, Lead 3 - Collector 
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40347-49, VI, V2 



I 10 40 65 100 140 1000 

COLLECTOR-TO-EMITTER VOLTAGE (V CE )— V 

92SS-3586RI 


Fig. 1 — Maximum operating areas for types 40347, 40348 and 40349. 




AMBIENT TEMPERATURE (T a ) °C 

9ZSS-3579RI 


Fig. 3 — Dissipation derating curve for types 40347V1, 40348V1, 
Fig. 2 — Dissipation derating curve for types 40347, 40348, and 40349. and 40349V1. 
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Fig. 4 — Sustaining voltage vs. base-to-emitter resistance for types 
40347, 40347 VI and 40347 V2. 


Fig. 5 — Typical gain-bandwidth product i/s. collector current 
for types 40347, 40348 and 40349. 



Fig. 6 — Sustaining voltage vs. base-to-emitter resistance for 
types 40348, 40348V 1 and 40348 V2. 



92CS-I7490RI 

Fig. 7 — Reverse-bias second-breakdown characteristics for 
types 40347, 40348 and 40349. 


CASE TEMPERATURE (T C ) = 25°C 













COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE, 
V C e_(sus)-V(MIN.) 














































H 

r 


































. V C ER 










v 










L 





















| 

\ 

s. 


V, 

CEO 












































1.0 2 4 6 8 10 2 * 6 8 100 2 ’ 6 8 1 K 2 46 8 10K 2 4 6 8 100K 


EXTERNAL BASE-TO-EMITTER RESISTANCE (R B e>— O 92552333 

Fig. 8 — Sustaining voltage vs. base-to-emitter resistance 
for types 40349, 40349 VI and 40349V2. 


COLLECTOR CURRENT (l c )/BASE CURRENT (l B ) = 10 

CASE TEMPERATURE (Tc) ' 25° C 



COLLECTOR CURRENT (Iq) — mA J 

s i i i ij 




/ 

V 





ft/ 

A 





/ 







// 

r 





A 

/ 







0 0.2 0.4 0.6 0.8 1.0 1.2 

COLLECTOR-TO-EMITTER SATURATION VOLTAGE, VQE (SAT) — V „ cs . 1;500 

Fig. 9 — Typical saturation characteristic for types 40347. 
40348 and 40349. 
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COLLECTOR-TO-EMITTER VOLTAGE (V CE ) = 4V 




COLLECTOR CURRENT (l C )— mA 

3 § 3 3 





/ 







7 






/ 





V/A 

&/ 

/ j 






' / 

o 

/ 





0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

BASE-TO-EMITTER VOLTAGE (V BE )— V 

Fig. 16 — Typical transfer characteristics for type 40347. 



BASE-TO-EMITTER VOLTAGE (V BE )— V mss 

Fig. 18 — Typical transfer characteristics for type 40348. 



Fig. 20 - Typical transfer characteristics for type 40349. 



92CS-23926 

Fig. 17 - Collector-cutoff-current characteristic for 
type 40347. 



9ZCS-23927 

Fig. 19 — Collector-cutoff-current characteristic for type 40348. 
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Fig. 21 - Collector-cutoff-current characteristic for 
type 40349. 
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Solid State 
Division 


Power Transistors 

40366-40369 

40385 



High- Reliability Silicon 
N-P-N Power Transistors 


For Power Switching and Amplifier Applications 

Features 


■ High reliability assured by five preconditioning steps 

■ Group A test data included* 


i Transistors utilize JEDEC hermetic 
packages; 

40369 - T0-3 
40368 - T0-8 
40366, 40367 ) 

40385 ' 


\ See Note at right 


These devices are available with either 1VS- 
inch leads (TO-5 package) or Vi-inch leads 
(TO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num- 
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 


RCA-40366— 40369 and 40385 are silicon n-p-n power 
transistors derived from JEDEC types 2N2102, 2N1482, 
2N1486, 2N1490, and 2N3439. They are specially pre- 
conditioned for use in power-switching and amplifier appli- 
cations in those instances where high reliability is a requisite. 


° High voltage ratings: 

V CER = 80 V max. (40366) 

V CEV = 100 v max - (40367, 40368 & 40369) 
v CEO = 350 v max - (40385) 

■ High power-dissipation capability: 

P T = 5 W max. (40366, 40367 8t 40385) 

= 25 W max. (40368) 

= 75 W max. (40369) 

* Group A test data shown on pages 2 & 3. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


COLLECTOR-TO-BASE VOLTAGE V CB0 

COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-to-emitter resistance 

(Rbe)<ioo v CER 

With —1.5 V (V BE ) of reverse bias V CEV 

With base open v CEO 

EMITTER-TO-BASE VOLTAGE V EB0 

CONTINUOUS COLLECTOR CURRENT. ... I c 

CONTINUOUS BASE CURRENT I B 

TRANSISTOR DISSIPATION: P T 


At case temperature up to 25° C 

At free-air temperature up to 25°C . . 

At temperatures above 25°C 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

PIN or LEAD TEMPERATURE (During 
soldering): 

At distances > 1/32 in. (0.79 mm) 
from seating plane for 10 s max. 


40366 

40367 

40368 

40369 

40385 


120 

100 

100 

100 

450 

V 


80 

- 

- 

- 

- 

V 

- 

100 

100 

100 

- 

V 

65 

55 

55 

55 

350 

V 

7 

12 

12 

10 

7 

V 

1 

1.5 

3 

6 

1 

A 

- 

1 

1.5 

3 

- 

A 

5 

5 

25 

75 

10 

W 

1 

1 

- 

- 

1 

W 

^ 

Derate linearly to 0 watts 

at 200° C 






cc f/x onn - 



°P 



■ —ob to zuu 




255 

255 

235 

235 

255 

°c 
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40366-40369 and 40385 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 25°C 
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TEST CONDITIONS 

Symbol 

Voltage 

V dc 

Current 

mA dc 


V CB 

V CE 

V EB 

•c 

1 B 

’c HO 

30 
60 | 





1 CEO 


300 



0 

1 CEV 


450 

1.5 




LIMITS 


40366 

40367 

40368 

40369 

40385 

Unit* 

Min. 1 Max. 

Min. I Max. 

Min. 1 Max. 

Min. 1 Max. 

Min. 1 Max. 




Collector-to-Base 
Breakdown Voltage 


Collector-to-Emitter 
Breakdown Voltage 


Emitter-to-Base 
Breakdown Voltage 

(I E = 0.1 mA) 


Collector-to-Emitter 
Sustaining Voltage: 
With external 
base -to -emitter 
resistance 

( r be) = 1 0 0 


Collector-to-Emitter 
Saturation Voltage 


Base-to-Emitter 
Saturation Voltage 


v cer( sus ) 

V CEO< sus > 


- ~ 350 - 


100* 0 65 - - 

100 o I — - — 



V B£( sal ) 

150* 1 ‘ 


50 4 


Base-to-Emitter Voltage 


* Pulsed; pulse duration = 300ju s, duty factor = 1.8%. 
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40366-40369 and 40385 


GROUP - A TESTS (IN ACCORDANCE WITH Ml L - S - 19500) 
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GROUP- A TESTS (CONT.) 


TEST METHOD 

EXAMINATION 



LIMITS 


PER 

OR 

CONDITIONS 

LTPD* 


mumm 

BH 

40369 

40385 

UNITS 

MIL-STD-750 

TEST 



QJJ| 

U2I 






Max. 

Min. 

Max. 




Iq = 0.01 m A, 

V CE 10V 

- 

H 

■ 

■ 

■ 

■ 

■ 

■ 

“ 






Iq = 0. 1 m A, 
v CE = 10V 

~ 

20 

- 

' 

' 


' 

' 

' 

' 

' 




to 

3 

> 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

30 

_ 




V CE “ ,ov 

Iq = 20 mA, 










4 0 

60 




V CE * 10V 















I c = 150mA* 

V C E = 10 V 

- 

40 

120 

- 


- 

~ 

- 

- 

- 

- 




1(2 * 200mA, 

- 

- 

- 

35 

100 

- 

- 

- 

- 

- 

- 


3076 

hFE 

V CE - 4V 

I c = 500 mA*, 


25 













v CE * iov 

1(2 3 750mA, 

_ 

_ 

. 

. 

. 

35 

100 

_ 

_ 


_ 




V CE - 4V 

I C * 1 A*, 

V CE » 10V 

I c - 1 .5 A , 

V C E " 4V 

- 

10 

i 

- 

- 

- 

- 

25 

75 


- 



®Pulsed; pulse duration .= 300 m s > duty factor = 1.8%. ’Lot tolerance per cent defective. 


The RCA-40366, 40367, 40368, 40369, and 40385 are 
high-reliability versions of the RCA-2N2102, 2N1482, 
2N1486, 2N1490 and 2N3439*, respectively. These tran- 
sistors are intended for medium- and high-power switching 
and amplifier applications in military and industrial 
equipment. 

The 40366 and 40385 are silicon n-p-n types with a power- 
dissipation capability of 5 watts each. The 40367 is a silicon 
n-p-n hometaxial type with a power-dissipation capability of 
5 watts. These devices are available with either 1-%-inch 
leads (TO-5 package) or ’/i-inch leads (TO-39 package). 

The 40368 is a silicon n-p-n hometaxial type in a JED EC 
TO-8 package with a power-dissipation capability of 25 
watts. 

The 40369 is a silicon n-p-n hometaxial type in the popular 
JEDEC.TO-3 package and has a dissipation capability of 75 
watts. 


The 40366, the high-reliability version of the 2N2102, 
features linear beta characteristics which are controlled over 
a wide range of collector currents (0.01 mA to 1 A). 

The 40367, 40368, and 40369, the high-reliability versions 
of the 2N1482, 2N1486, and 2N1490, respectively, feature 
rugged construction, low saturation voltage, and high beta at 
high currents, and are designed to assure freedom from 
forward-bias second breakdown when operated with speci- 
fied limits. 

Typical applications for these transistors include: power- 
switching circuits such as dc-to-dc converters, inverters, 
choppers, solenoid- and relay-controls; oscillator, regulator, 
and pulse-amplifier circuits; Class A and Class B push-pull 
audio- and servo-amplifiers. 


* Complete data for types 2IM1482, 2N1486, 2N1490, 2N2102 and 
2N3439aregiverf in separate technical bulletins (Files 135, 137, 139, 
106, and 64, respectively). Bulletins are available upon request from 
RCA Solid State Division, Box 3200, Somerville, N.J. 08876. 
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File No. 215 


.40366-40369 and 40385 


RELIABILITY TESTING 

Each RCA-40366, 40367, 40368, 40369 and 40385 is subjected to the following preconditioning steps: 

1. Temperature Cycling-Method 102A of MIL-STD-202, 5 cycles, -65° C to 200° C 

2. Bake, 72 hours min., 200° C 

3. Helium Leak, 1 x 10“ ' ® cc/s max. 

4. (a) Methanol Bomb, 70 psig, 16 hours min. (For 40366) 

(b) Bubble Test (Per MIL-STD-202, COND. A), 125° C min., 

1 minute, ethylene glycol (For 40367, 40368, 40369 & 40385) 

5. Serialization 

6. (a) Record Iqqq an d hpE (150 mA) (For 40366) 

(b) Record I CB0 and h FE (For 40367, 40368, & 40369) 

(c) Record Iqev an d h pE (20 mA) (For 40385) 

7. (a) Power Age, Tp^ = 25° C, Vq B = 60 V, t= 168 hours, 

P T = 1 W, free-air (For 40366 & 40367) 

(b) Power Age, Tq = 125° C, Vq B = 24 V, t= 168 hours, 

Prp = 10.5 W, with heat-sink (For 40368) 

Prp = 32 W, with heat-sink (For 40369) 

(c) Power Age, Tp^ = 25° C, V EB = 200 V, t= 168 hours, 

P T = 800 mW, free air (For 40385) 

8. (a) For 40366, ^ record Iqqq, hp E (150 mA), BVQ B y, Vq E q(sus), BV EB q, 

VcE( sa t)- Data furnished with transistor. 

(b) For 40367, 40368, & 40369, ^record I E gQ> h pE , ®^CEV’ ^CEO^ sus ^’ ^EBO’ 

VQ E (sat). Data furnished with transistors. 

(c) For 40385, ^record Iqeo’ ^EBO’ ^CEO^ sus ^’ ^CEV 1 V EE (sat), and hp E (20 mA). 

Data furnished with transistor. 

t Delta criteria after 168 hours Power Age: 

Ah FE + 25% (For all types) Al CBO + 1 HA (For 40367, 40368, & 40369) 


TERMINAL CONNECTIONS 

FOR 40366,40367, 

AND 40385 

TERMINAL CONNECTIONS 

FOR 40368 

TERMINAL CONNECTIONS 

FOR 40369 

Pin 1 — Emitter 

Pin 2 — Base 

Case, Pin 3 — Collector 

Lead 1 — Emitter 

Lead 2 — Base 

Case, Lead 3 — Collector 

Pin 1 

Pin 2 

Case 

Mounting Flange 

— Base 

— Emitter 

— Collector 

— Collector 
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File No. 219 


DUCM] 

Solid State 
Division 


Power Transistors 

40406 40408 40410 

40407 40409 40411 



Silicon N-P-N and P-N-P 
Power Transistors 

For Audio-Amplifier 
Applications 

Features: 


40406 & 40407 

■ V CE0 (sus) = -50 V max. (40406) 

■ V CEO (sus) = 50Vmax. (40407) 

■ 40406 is p-n-p complement of 40407 

■ 1 W dissipation rating 


These devices are available with either VA- 
inch leads (TO-5 package) or Vi-inch leads 
(TO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num- 
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 


R CA-4040 6-4041 1, inclusive, are diffused-junction silicon 
n-p-n and p-n-p transistors intended for use in audio ampli- 
fiers. Giving high-quality performance economically, these six 
devices have power dissipation ratings of 1 to 150 W. 


TERMINAL CONNECTIONS 
FOR 40406-40410 

Lead 1 — Emitter 
Lead 2 — Base 
Case or Heat 

Radiator, Lead 3 — Collector 


TERMINAL CONNECTIONS 
FOR 40411 

Pin 1 — Base 
Pin 2 — Emitter 
Case — Collector 
Mounting Flange — Collector 


40408 

■ Vq E q (sus) = 90 V max. 

■ 1 W dissipation rating 

40409 & 40410 

■ V CER (sus) = 90 V max. (40409) 

■ V CER (sus) = -90 V max. (40410) 

■ 40410 is p-n-p complement of 40409 

■ 3 W free-air dissipation rating 

40411 

■ Vq ER (sus) = 90 max. 

■ Hometaxial-base construction 


MAXIMUM RATINGS, Absolute-Maximum Values 

Collector-to-Emitter Sustaining Voltage: 

With base open 

With R be = 100 ft 

Emitter-to-Base Voltage: 

With collector open 

Collector Current 

Base Current 

Transistor Power Dissipation: 

At free-air temperatures up to 25° C 

At free-air temperatures up to 50° C 

At case temperatures up to 25° C 

At other temperatures 
Operating Junction Temperature Range 


■ 150 W dissipation rating 



40406 

40407 

40408 

40409 

40410 

40411 


v CEO (sus) 

-50 

50 

90 

_ 

_ 

_ 

V 

V C er( sus ) 

- 

- 

- 

90 

-90 

90 

V 

V EBO 

-4 

4 

4 

4 

-4 

4 

V 

•c 

-0.7 

0.7 

0.7 

0.7 

-0.7 

30 

A 

•b 

-0.2 

0.2 

0.2 

0.2 

-0.2 

15 

A 

P T 









1 

1 

1 

- 

- 

- 

W 


- 

- 

- 

3 

3 

- 

W 


- 

- 

- 

- 

- 

150 

w 



See Fig. 1 


See Fig. 2 

See Fig. 3 



-65 to +200 ► °C 


416 


9-73 






40406 40408 40410 

40407 40409 4041 1 


File No. 219. 


ELECTRICAL CHARACTERISTICS 
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40406 40408 40410 File No 219 

40407 40409 40411 

ELECTRICAL CHARACTERISTICS 



a Negative for types 40406 & 40410 
b R be = 100 n 

e Power rating test at 200 watts 
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40406 40408 40410 

40407 40409 4041 1 



92LS-1 593 

Fig. 1 — Dissipation derating curver for 40406, 40407, and 40408. 



92CS-I3I8I 

Fig. 3 - Dissipation derating curve for 40411. 



Fig. 5 — Typical dc beta characteristics for 40407, 40408, 40409. 



92I.S-I594 

Fig. 2 — Dissipation derating curve for 40409 and 40410. 



Fig. 4 — Typical dc beta characteristic for 40406 and 40410. 



Fig. 6 — Typical dc beta characteristics for 40411. 
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COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE ^ [ COLLECTOR CURRENT (I c )-mA f 


COLLECTOR-TO EMITTER VOLTAGE (V C E>-V 


92CS-22430 

Fig. 13 — Typical output characteristics for 40406 and 40410. 
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BASE-TO-EMITTER VOLTAGE (V BE )-V 

92CS-I2328RI 


5 — Typical transfer characteristics for 40407, 40408, and 40409. 



CASE TEMPERATURE (T c ) = 25°C 
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92SS-3080C 

Fig. 17 — Sustaining voltage us. external base-to-emitter resistance 
for 40411. 



COLLECTOR-TO-EMITTER VOLTS (V CE ) 

92CS-I2327R2 

Fig. 14 — Typical output characteristics for 40407, 40408, and 40409. 



COLLECTOR-TO-EMITTER SATURATION VOLTAGE , V CE (sot)— V 

92CS-I3I8G 

Fig. 16 — Typical saturation-voltage characteristics for 40411. 



BASE-TO-EMITTER VOLTAGE (v B e) — v 

92CS-I3I88 

Fig. 18 — Typical transfer characteristics for 4041 1. 






File No. 302 


MM] 

Solid State 
Division 


Power Transistors 

40537 

40538 



Silicon P-N-P Transistors 

For Driver and Output Stages in 
Audio-Amplifier Circuits 

Features: 

■ Planar construction provides low-noise and low-leakage 

characteristics 

■ Gain bandwidth product (fj) = 50 MHz min. 

■ 40538 is p-n-p complement of 40539* 

■ Low saturation voltage: 

Vcg(sat) = -1.1 V max. (40537) 

= -2.0 V max. (40538) 

■ High pulse beta at high collector current: 

hpE = 50 min. at lc = —50 mA (40537) 

= 15 min. at lc = —500 mA (40538) 


These devices are available with either 114- 
inch leads (TO-5 package) or 14-inch leads 
(TO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num- 
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 


RCA-40537 and 40538 are double-diffused, epitaxial-planar, 
silicon p-n-p transistors. They differ in the current at which 
the parameters are controlled. 


The 40537 is designed specifically for use as a driver in audio- 
amplifier circuits. The 40538 is intended as a complement to 
n-p-n type 40539 in complementary-symmetry output stages*. 


* Data for type 40539 appear in File No. 303. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With external base-to-emitter resistance (RgE^ = 500 £2 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT 

BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25° C 

At free-air temperatures up to 25° C 

At temperatures above 25° C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

LEAD TEMPERATURE (During soldering): 

At distance > 1/32 in. (0.8 mm) from seating plane for 10 s max. 



40537 

40538 


V C er(sus) 

-55 

V 

v EBO 

-5 

V 

! C 

-0.7 

A 

'b 

-0.2 

A 

Pt 

5 

W 


1 

W 


Derate linearly to 0 W at 200° C 


-65 to 200 °C 

230 °C 
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File No. 302 


40537, 40538 


ELECTRICAL CHARACTERISTICS , At Case Temperature (Tq)=25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 


DC CURRENT 
(mA) 

TYPE 

40537 

TYPE 

40538 

< 

o 

m 

V EB 

191 

•b 

eh 

MAX. 




Collector Cutoff Current 

With external base-to-emitter 
resistance (RgE^ = 500 ^ 



■ 

■ 

■ 

1 

-10 

■ 


IE 

Emitter Cutoff Current 

'ebo 


-5 

0 



-1 




DC Forward-Current Transfer Ratio 

hFE 

H 


H 







Col lector-to- Emitter 

Sustaining Voltage 

With external base-to-emitter 
resistance (Rgg) = 500 ft 

V C er( sus ) 

1 

a 


X 




1 


Base-to-Emitter Voltage 

< 

CO 

m 

H 


E 





H 

s 

Collector-to-Emitter 

Saturation Voltage 

V CE (sat) 

■ 


-50 

-500 

K 1 





m 

Gain-Bandwidth Product 

*T 



-50 





Thermal Resistance 
(Junction-to-Free Air) 

R 0 JA 

■ 




■ 


- 


H 


a Pulsed; pulse duration = 300 ps, duty factor < 2%. 



COLLECTOR CURRENT II c )-mA 

^ 92LS-I292 



BASE-TO-EMITTER VOLTAGE (V BE )-V 

92LS-I29582 


Fig. 1 — Typical dc beta characteristics for both types. 

















File No. 302 


40537, 40538 



92LS-I29IRI 

Fig. 3 — Typical output characteristics for both types. 



92LS-I287RI 

Fig. 4 — Typical output characteristics for both types. 


TERMINAL CONNECTIONS 


Lead 1 — Emitter 
Lead 2 — Base 
Case, Lead 3 — Collector 
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File No. 303 



Solid State 
Division 


Power Transistors 
40539 
40544 



Medium-Power Silicon 
N-P-N Planar Transistors 

For Driver and Output Stages in 
Audio-Amplifier Circuits 

Features: 

a Low leakage current 
a Low saturation voltage: 

VcE(sat) = 1.0 V Max. (40544) 

= 2.0 V Max. (40539) 
n 40539 is n-p-n complement 
of 40538* 


These devices are available with either VA- 
inch leads (TO-5 package) or ’/i-inch leads 
(TO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num- 
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 


RCA-40539 and 40544 are silicon n-p-n planar transistors. 
Type 40539 employs the JEDEC TO-39 (40539S) or TO-5 
(40539L) package; type 40544 is supplied with a factory- 
attached, diamond-shaped mounting flange. 


The 40539 is intended as a complement to p-n-p type 
40538 in complementary-symmetry output stages. The 
40544 was designed specifically as a driver in audio-amp- 
lifier circuits. 


* Data for type 40538 appears in File No. 302. 


MAXIMUM RATINGS .Absolute-Maximum Values: 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 


With external base-to-emitter resistance 

(R BE ) = 100r2 V CER (sus) 

(R BE ) = 50012 VcER(sus) 

EMITTER-TO-BASE VOLTAGE V EB0 

COLLECTOR CURRENT I C 

TRANSISTOR DISSIPATION: P T 

At case temperatures up to 25° C 

At free-air temperatures up to 25° C 

At temperatures above 25° C 

TEMPERATURE RANGE: 

Storage and operating (Junction) 


LEAD TEMPERATURE (During soldering): 
At distance > 1/32 in. (0.8 mm) from 
seating plane for 10 s max 


40539 40544 


- 50 V 

55 - V 

5 5 V 

0.7 0.7 A 

5 7 W 

1 W 

Derate linearly to 0 W at 200°C 

M 65 to + 200 ► °C 

*+ 255 ► °C 


9-73 
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40539, 40544 


File No. 303 


ELECTRICAL CHARACTERISTICS, at Case Temperature (Tq) = 25°C 


Characteristic 

Symbol 

TEST CONDITIONS 

LIMITS 

Units 

DC Voltage 
(V) 

DC Current 
(mA) 

Type 

40539 

Type 

40544 

V CE 

V EB 

! C 

*B 

Min. 

Max . 

Min. 

Max. 

Collector-Cutoff Current 

With external base-to-emitter 
resistance (Rbe^ = 100 Q 
= 500 n 

! cer 

40 

45 




- 

10 

- 

10 

fiA 

Emitter-Cutoff Current 

! ebo 


5 

0 


- 

1.0 

- 

1.0 

mA 

DC Forward-Current Transfer Ratio 

h FE 


4 

4 

500 

50 


15 

90 

35 

200 


Collector- to -Emitter Sustaining 
Voltage 

With external base-to-emitter 
resistance (Rgg) =100 Q 
= 500 0 

v CER (sus) 



100 

100 


55 

- 

50 

- 

V 

Base-to-Emitter Voltage 

V BE 

4 

4 


500 

50 

i 

- 

2.7 

- 

1.7 

V 

Col lector-to-Emitter 

Saturation Voltage 

\ 7 Qg( sat) 



500 

150 

50 

15 

_ 

2.0 

_ 

1.0 

V 

Gain-Bandwidth Product 

f T 

4 


50 


100 (Typ.) 

100 (Typ.) 

MHz 

Thermal Resistance 
(Junction-to-Case) 

e J-C 





- 

35 

- 

25 

°c/w 



Fig. 1 — Typical dc-beta characteristics for both types. 
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Fig.2 — Typical input characteristics for both types. 
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40539, 40544 



92CS-I2327RI 

Fig. 3 — Typical output characteristics for all types. 
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Fig. 4 — Typical transfer characteristics for all types. 


TERMINAL CONNECTIONS 
FOR 40539 

Lead 1 — Emitter 
Lead 2 — Base 
Case, Lead 3 — Collector 

TERMINAL CONNECTIONS 
FOR 40544 

Lead 1 — Emitter 
Lead 2 - Base 
Flange, Lead 3 — Collector 




File No. 304 



Solid State 
Division 


Power Transistors 

40542 

40543 


SILICON N-P-N, MOLDED SILICONE-PLASTIC HOMETAXIAL-BASE TRANSISTORS 


RCA-40542 and -40543 are hometaxial**-base silicon 
n-p-n power transistors employing a new plastic package 
with formed leads which can be inserted into a TO-3 
socket. 

These types differ in voltage ratings and in the 
current at which the parameters are controlled. The 
40542 is intended as a complement to p-n-p type 40051 
in complemen try-symmetry output stages of audio-ampli- 
fier circuits. The 40543 was designed specifically for 
amplifier applications. 


*Data for type 40051 appears in File No. 67. 

**“HOMETAXIAL” was coined by RCA from two words, 
“homogeneous” and “axial,” to provide a name for a 
transistor structure in which the base region comprises 
homogeneous resistivity silicon material in the axial direc- 
tion (emitter-to-collector). Hometaxial types provide 
greater power-handling capability, lower saturation resist- 
ance, and freedom from second breakdown. 


FOR OUTPUT STAGES IN 
A UDIO-AMPLIFIER CIRC UITS 

40542 -N-P-N Complement of 40051* 



40542 & 40543 
For TO-3 Sockets 


• Molded silicone-plastic package 

• Low saturation voltage: 

V CE (sat) = 1.0 V max. at lc = 2.5 A (40542) 
= 1.0 V max. at 1^ = 3.0 A (40543) 

• Low thermal resistance: 

6j mC = 1 .5 °C/W max. 


MAXIMUM RATINGS 


Absolute-Maximum Values: 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With external base-to-emitter resistance (R BE ) = 100 H V EEB (sus) 

EMITTER-TO-BASE VOLTAGE V EB0 

COLLECTOR CURRENT I c 

TRANSISTOR DISSIPATION: P T 


At case temperatures up to 25° C 

At temperatures above 25° C 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

LEAD TEMPERATURE (During Soldering): 

At distances — 1/16 in. from seating plane for 10 s max. 


40542 40543 

50 60 

5 5 

6 8 

83 83 

Derate linearly 
to 0 W at 150° C. 

-65 to 150 

235 


V 

V 
A 


°C 


°C 


428 
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File No. 304 40542, 40543 

ELECTRICAL CHARACTERISTICS 


Case Temperature (T q) = 25° C 


Characteristic 

Symbol 

TEST CONDITIONS 

LIMITS 

Units 

DC Voltage 
(V) 

DC Current 
(A) 

Type 

40542 

Type 

40543 

V C E 

CO 

HI 

> 

•c 

•b 

Min. 

Max. 

Min. 

Max. 

Collector-Cutoff Current 

With external base-to-emitter 
resistance (Rgg) = 100 fi 

!CER 

40 

50 




- 

1.0 

- 

1.0 

mA 

Emitter-Cutoff Current 

r EBO 


5 

0 


- 

5.0 

- 

5.0 

mA 

DC Forward-Current Transfer Ratio 

h FE 

4 

4 


2.5° 

3.0° 


20 

70 

20 

70 


Collector-to-Emitter Sustaining Voltage 
With external base-to-emitter 
resistance (Rgg) = 100 H 

v cer( sus ) 



0.2 a 


50 

- 

60 

- 

V 

Base-to-Emitter Voltage 

V BE 

4 

4 


2.5 a 

3.0° 


- 

1.7 

- 

1.7 

V 

Collector-to-Emitter Saturation V oltage 

VcE(sat) 



2.5° 

3.0° 

0.25 

0.3 

_ 

1.0 

- 

1.0 

V 

Gain -Bandwidth Product 

f T 

4 


0.5 


0.8 

2.8 

0.8 

2.8 

MHz 

Thermal Resistance 
(June tion-to -Case) 

9 }-C 





- 

1.5 

- 

1.5 

°C/W 


“Pulsed; pulse duration = 300 /is, duty factor = 1.8%. 


TERMINAL CONNECTIONS FOR TYPES 
40542 & 40543 


Lead No. 1 — Base 
Lead No. 2 — Emitter 
Mounting Flange — Collector 
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40542, 40543 


File No. 304 


TYPICAL DC BETA TYPICAL INPUT CHARACTERISTICS 

FOR TYPE 40542 FOR TYPE 40542 



COLLECTOR CURRENT (I C ) - A 

Fig. 1 



TYPICAL OUTPUT CHARACTERISTICS 


FOR TYPE 40542 



92$$- 3602 


Fig. 3 


TYPICAL TRANSFER CHARACTERISTICS 


TYPICAL G AIN- BAND WIDTH PRODUCT 


FOR TYPE 40542 


FOR TYPE 40542 




BASE-T0- EMITTER VOLTAGE (V B e)-V 


92SS-3603 


COLLECTOR CURRENT (Ic)-A 


92$$- 3607 




FORWARD-CURRENT TRANSFER RATIO (h FE ) 





File No. 358 



Solid State 
Division 


Power Transistors 

40594 40595 40611 40613 
40616 40618 40621 40622 
40624 40625 40627-40632 
40634-40636 



H-1534R1 
40613 40627 
40618 40629 

40621 40630 

40622 40631 
40624 40632 



H-1570 

40636 

JEDEC TO-3 


JEDEC TO-220AA 
(For TO-66 Sockets) 




H-1468 


40625 L or S 
40628 L or S 

With Heat-Radiator 

See NOTE at 
right above 


i 


40594 L 
40595 L 
4061 1L 
4061 6L 
40635 L 


JEDEC TO-5 


40594S 
40595S 
4061 IS 
4061 6S 
40634S 
40635S 


JEDEC 

TO-39 


See NOTE 
at right 


H-1380 H-1381 


Silicon Transistors for 
Audio-Frequency 
Linear-Amplifier Applications 


Transistors for Driver 
Applications: 

N-P-N Types 

40594 40616 40628 
40611 40625 40635 

P-N-P Types 

40595 40634 


NOTE: 


These devices are available with either 1 Vi- 
inch leads (TO-5 package) or %-inch leads 
(TO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num- 
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 


Transistors for Output Applications: 
N-P-N Types 

40613 40624 40631 

40618 40627 40632 

40621 40629 40636 

40622 40630 


TERMINAL CONNECTIONS 
FOR TYPES IN 
T0-220AA PACKAGE 

Lead No.1 — Base 

Stub — Do not use stub as tie point. 
Lead No.3 — Emitter 
Mounting Flange- Collector 


RCA-40594, 40595, 40611, 40613, 40616, 
40618, 40621, 40622, 40624, 40627- 

40632, and 40634—40636, inclusive are 
silicon n-p-n and p-n-p transistors intended 
for driver and output stages in high-fidelity 
amplifier circuits. 

These devices have been specifically designed 
for use in complementary-and-quasi-comple- 
mentary-symmetry audio-amplifier circuits. 


TERMINAL CONNECTIONS FOR 40636 

Pin 1 - Base 
Pin 2 — Emitter 
Case - Collector 
Mounting Flange — Collector 


TERMINAL CONNECTIONS 
FOR TYPES IN T0-5 
OR TO-39 PACKAGE 

Lead 1 — Emitter 
Lead 2 — Base 
Case, Lead 3 — Collector 


TERMINAL CONNECTIONS 
FOR 40625 AND 40628 

Lead 1 - Emitter 
Lead 2 — Base 

Heat-Radiator, Lead 3 - Collector 
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File No. 358 40594-5, 40611, 40613, 40616, 40618 

40621-2, 40624-5, 40627-32, 40634-36 

MAXIMUM RATINGS, Absolute-Maximum Values: 



* R be - 68 £2 (40612, 40623, & 40626) 

- 100 £2 (40594, 40595, 40629, 40630, 40631, 40632, 40633, 40634, 40635, & 40636) 

°P-p at temperatures above 25° C, derate linearly to 0 watts at maximum temperature 
(e.g. + 100, + 150, or + 200°C). 


ELECTRICAL CHARACTERISTICS, At Case Temperature = 25° C 
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40594-5, 4061 1 , 40613, 40616, 4061 8 

40621-2, 40624-5, 40627-32, 40634-36 

ELECTRICAL CHARACTERISTICS, At Case Temperature = 25° C (Cont'd) 


File No. 358 
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File No. 356 


Solid State 
Division 


RF Power Transistors 


40608 


RCA-40608 is an epitaxial silicon n-p-n planar transis- 
tor. It is especially designed for operation as a Class A, 
wide-band power amplifier in VHF circuits. 

The features of high gain-bandwidth product and low 
cross-modulation make the 40608 especially suited for 
use in CATV and MATV systems. 


♦Formerly RCA Dev. Type No. TA2761 


MAXIMUM RATINGS. Absolute-Maximum Values: 


• V, 


COLLECTOR-TO-BASE VOLTAGE 
COLLECTOR-TO-EMITTER 
VOLTAGE: 

With external base-to-emitter 
resistance, (R^g) = 100^ .... 

EMITTER-TO-BASE VOLTAGE . . . 

COLLECTOR CURRENT 

TRANSISTOR DISSIPATION 

At case temperatures up to 25° C . 
At case temperatures above 25° C. 
TEMPERATURE RANGE: 


LEAD TEMPERATURE (During soldering): 
At distances ^ 1/32 in. (0.79 mm) from 


CBO 


■V C ER 
■ v EBO 
• >C 
PT 


40 V 


40 

2 

0.4 

3.5 


SILICON N-P-N "overlay” 
TRANSISTOR 

For Class A Wide-Band 
CATV and MATV 
Applicatiations 


Features: 

o High Gain-Bandwidth Product 
o Low Cross-Modulation 



JEDEC TO-39 



Fig. 7 - Dissipation Derating Curve 


11- 73 
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40608 


File No. 356 


ELECTRICXL CHARACTERISTICS, Case Temperature = 25° C 


Characteristic 

Symbol 

Test Conditions 

Limits 

Units 

DC 

Collector 

Volts 

DC 

Current 

(mA) 

V CB 

V CE 

'E 

>b 

l c 

Min. 

Max. 

Collector-Cutoff Current 

o 

m 

o 


20 


0 



100 


Collector-to-Base 

Breakdown Voltage 

v (BR)CB0 



0 


0.1 

40 


V 

Col lector-to- Emitter 

Voltage (Sustaining) 

Vcer( sus ) 





50° 

40 


V 

Emitter-to-Base 

Breakdown Voltage 

v (BR)EB0 



0.1 


0 

2 


V 

Col lector-to- Emitter 

Saturation Voltage 

VcE(sat) 




10 

50 


1.0 

V 

Collector-to-Base Capacitance 
(Measured at 1MHz) 

^ob 

30 


0 




3.0 

pF 

Gain-Bandwidth Product 

'T 


15 



50 

700 


MHz 

DC Forward-Current 

Transfer Ratio 

hFE 


15 



50 

35 

120 


Voltage Gain 
(See Fig. 2.) 

VG 


15 



50 

11 


dB 

Cross Modulation 
@46dBmV (See Fig. 3.) 

CM 


15 



50 

-57 (Typ.) 

dB 


0 Pulsed through an inductor (20 mH); duty factor = 50%; Rg E = 100 Q. 



Generator No. 1 & No. 2 
Matching Network No. 1 
& No. 2: 

Combiner: 

Variable Attenuator: 
Field Strength Meter, 
with Detector Output: 
Potentiometer: 

Filter: 

AC Voltmeter: 


92LS— I225RI 

Hewlett-Packard, HP608D, 
or equivalent 
50 to 75 f) 

20 dB isolation between generators 
As required 

50-220 MHz 
100 kO 
1000 Hz 

Ballantine 861, or equivalent 


Fig. 2 -Block Diagram f or Cross-Modulation 
Test Set-Up 


OPERATING INSTRUCTIONS FOR 
CROSS-MODULATION TEST 

1. Set up equipment as shown in Fig. 2. 

2. Set generator No. 1 to 150 MHz modulated 30% by 1000 Hz, 
and tune field strength meter to 150 MHz. 

3. Adjust output of generator No. 1 to give rated output of 
the amplifier. 

4. Adjust potentiometer to calibrate voltmeter for a convenient 
level. This level then corresponds to 100% cross modulation. 

5. Remove modulation. 

6. Set generator No. 2 to 210 MHz modulated 30% by 1000 Hz 
and tune field strength meter to 210 MHz. 

7. Adjust output of generator No. 2 to give rated output of the 
amplifier. (If the amplifier has a flat response then the out- 
put of the two signal generators will be equal.) 

8. Tune field strength meter to 150 MHz CW and read voltmeter. 

9. Turn voltmeter to proper scale for reading. Calculate per- 
centage of cross modulation based upon 100% level set in 
step 4. 
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File No. 356 


40608 


r 4 



C l* C 2* C 5 : 0.002/iF 

C 3 : 7-100 pF, ARCO 423, 
or equivalent 
C^: .03 /xF 
C 6 , C 7 : 1,500 pF 
Cg, C 9 : 8-60 pF, ARCO 404, 
or equivalent 
R x : 390 O, V 2 W 
R 2 : 6.80, % W 
R 3 : 330 O, 1W 
R 4 : 270 O, 1/2 W 

T: 4 turns No. 30 wire, bifilar 

wound; toroidal core; 3/8 in. OD, 
3/16 in. ID, 1/8 in. thick, IGC* 
type Q-l, or equivalent. 


♦Indiana General Corp., Electronics/Ferrites Div., 
Keasbey, N.J. 


Fig. 3-RF Amplifier Circuit for Voltage Gain Test 


TYPICAL ADMITTANCE CHARACTERISTICS 
(Common-Emitter Circuit) 



92LS-I234R2 



92LS-I238R2 


Fig. 4 - Forward Transfer Admittance 


Fig. 5 - Reverse Transfer Admittance 






40608 


File No. 356 


TYPICAL ADMITTANCE CHARACTERISTICS 
(Common-Emitter Circuit) 


JNES) 

mMHOS 

COLLECTOR-TO-EMITTER 
VOLTS (V CE )« 20 
AMBIENT TEMPERATURE 
(T A )=25°C 


z \ 




s' 

s 

50^ 









' ^ .to 

PUT CONDUCTANCE ,«|| (DASHED 
SCEPTANCE , b, | (SOLID LINES) — 

M U -1 

o o 
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/ 









T- 

/ 









- 


25 








| 

50 
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4 6 a | C 
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4 


FREQUENCY — MHz 


OUTPUT CONDUCTANCE , 9 22 (DASHED LINES) 
OR SUSCEPTANCE . b 22 (SOLID LINES) — mMHOS 

I* A 0) 

COLLECTOR-TO-EMITTER 
VOLTS tV CE ) « 20 
AMBIENT TEMPERATURE 
(T A ) = 25®C 
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— 
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I 


z 

> 

I 

□ 






6 8 100 
FREQUENCY — MHz 


92LS-I236RZ 


92LS-I237R2 


Fig. 6 • Input Admittance 


Fig. 7 - Output Admittance 


1000 

6 

< 

1 4 

o 

M 

— 2 

2 

U1 

QC 

§100 
o e 

O 6 

»- 
o 

1j 4 

o 

o 

2 

10 

CASE TEMPERATURE (T c ) = 100 °C 









IC MAX. 












\ 












V HOT-SPOT TEMPERATURE 
><^(Tj S )«200 °C 





















NOTE: 

Tj S IS DETERMINED BY 
USE OF INFRARED 
SCANNING TECHNIQUES 





















1 

4 


8 10 




IC 


COLLECTOR-TO-EMITTER VOLTAGE (V CE )— V 

92CS-22857 

Fig. 8 - Safe Area for DC Operation 


TERMINAL CONNECTIONS 

Lead 1 — Emitter 

Lead 2 - Base 

Lead 3 — Collector, Case 
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File No. 498 


TOQB//D 

Solid State 
Division 


Power Transistors 

40850 40851 
40852 40853 
40854 



450-V Silicon N-P-N Types 

For Off-Line Switching-Regulator Type 
Power-Supply Applications 

Features : 

■ High-voltage ratings for operation from power lines without 
a step-down transformer 

a Popular JED EC TO-3 and TO-66 hermetic packages 

Applications : 

□ For use in switching-regulator supplies which feature: 

— A substantial reduction in size and weight due to 
elimination of the 60-Hz power transformer. 

— Operation with a substantial reduction of heat 


RCA 40850—40854, inclusive, are silicon n-p-n power 
transistors, selected from RCA's line of silicon power transis- 
tors, for power-supply applications. Their high-voltage ratings 
(450 V) permit operation directly off the power line thereby 
eliminating the heavy and bulky 60-Hz power transformer. 

Their fast switching speeds (t r plus tf equal to less than 2.0 
jas) permit operation above the audio-frequency range (20 to 
30 kHz) for quiet performance, and permit the use of small 
ferrite-core transformers for changing the voltage level. 

These types have sufficient voltage capability to be used as 
push-pull inverters or pulse-width-modulated inverters oper- 
ating directly off the 120-V power line. 


□ 5-V, off-line supplies with current ratings of 
25, 50, 100, or 200 A 

□ 30-V, off-line supplies with current ratings of 
5, 10,20, or 40 A 


Types 40850-40854 have sufficient voltage capability to 
operate as switching regulators off a 240-V line; for 120-V 
lines, the prototypes can be used. 

A brief description of these types, together with prototype 
identification, is given in the tables on pages 2, 3, and 4. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

40850 

COLLECTOR-TO-BASE VOLTAGE, 

VCBO 

COLLECTOR-TO-EMITTER 
SUSTAINING VOLTAGE: 

450 

With base open, VcEO( sus ) 

With external base-to-emitter 
resistance (Rbe)1 50 

300 

VcER(sus) 

EMITTER-TO-BASE VOLTAGE, 

400 

VEBO 

COLLECTOR CURRENT, l C 

6 

Continuous and Average 

2 

Peak (10 ms max.) 

5 

CONTINUOUS BASE CURRENT, l B 

1 


40851 

40852° 

40853 

40854 


450 

450 

450 

450 

V 

350 

350 

300 

300 

V 

375 

375 

375 

325 

V 

9 

9 

6 

6 

V 

7 

7 

10 

15 

A 

10 

10 

15 

30 

A 

4 

4 

5 

10 

A 


B Formerly RCA-40832. 


Continued on following page. 





40850-40854 


File No. 498 


MAXIMUM RATINGS (cont'd): 

40850 

TRANSISTOR DISSIPATION, P T : 

(Power Dissipation-Limited Region*) 

At case temperaures up to 25°C 35 

At case temperaures above 25°C 
and in the Ig/b-Limited Region* 
TEMPERATURE RANGE: 

Storage & Operating (Junction) 

PIN TEMPERATURE (During 
Soldering): 

At distances >1/32 in. 

(0.8 mm) from case for 10 s max. 


40851 

40852 ■ 

40853 

40854 

45 

100 

100 

175 


See derating curves in prototype bulletins . 


-65 to +200 °C 


230°C 


* Safe-operating-area curves for prototype devices should be extended to the maximum values of collector current given for these devices. 
■ Formerly RCA-40832 


TERMINAL CONNECTIONS (All Types) 

Pin 1 - Base 
Pin 2 - Emitter 

Mounting Flange, Case - Collector 


Type 40850 (For 5-V, 25-A & 30-V, 5-A Power Supplies) 

Package: JEDECTO-66 

Application Information: See "RCA Power Circuits" manual SP-52 and RCA Application Note AN3065 


ELECTRICAL CHARACTERISTICS,^ Case Temperature (Tq) = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector-Cutoff Current: 

With base reverse biased 

ICEV 

V C E = 450 V, V B E = -1.5 V 

- 

0.2 

mA 

ICEV 

VCE = 450 V, V B E = -1.5 V, Tq = 125°C 

- 

2 

mA 

Collector-to-Emitter Voltage 
With base open 

VCEO 3 

1C = 0.2 A, l B =0 

300 


V 

Collector-to-Emitter Voltage 
With external base-to- 
emitter resistance (Rbe) 

VCER 3 

IC = 0.2 A, R B E = 50n 

400 

- 

V 

Emitter-to-Base Voltage 

Vebo 

1 E = 5 mA, lc = 0 

6 

- 

V 

DC Forward-Current Transfer 
Ratio 

h F E 

1C = 0.75 A, Vce = 10 V 

25 

- 


Collector-to-Emitter Saturation 
Voltage 

VcE( sat ) 

1C = 2 A, Ib =0.4 A 

- 

2.0 

V 

Base-to-Emitter Saturation 
Voltage 

VBE(sat) 

l C = 2 A, l B = 0.4 A 

- 

2.0 

V 

Second-Breakdown Collector 
Current: 

With base forward biased 

is/b a 

vce = ioo v 

0.35 

- 

A 

Second-Breakdown Energy: 

With base reversed biased 

ES/b 3 

L = 100 jtiH, lc(PEAK) = 2 A, R = 20 Cl 

V B E = -4V 

0.2 

- 

mJ 


a For characteristics curves and test conditions, refer to published data for prototype 2N3585 (File 138). 
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.40850-40854 


Type 40851 (For 5-V, 50-A & 30-V, 10-A Power Supplies) 

Package: JEDECTO-66 

Applications Information: See "RCA Power Circuits" manual SP-52 and RCA Application Note AN4509 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) =25° C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector-Cutoff Current: 

'CEV 

VcE =450 V, V B E *-1.5 V 

- 

0.5 

mA 

With base reverse biased 

»CEV 

VcE = 450 V, V B E = -1 -5 V. T C = 1 25°C 

- 

5 

mA 

Collector-to-Emitter Voltage 
With base open 

VCEO 3 

IC = 0.2 A, l B =0 

350 

- 

V 

Collector-to-Emitter Voltage 
With external base-to- 
emitter resistance (Rbe) 

VCER 3 

IC = 0.2 A, r b e = 50 £2 

375 

- 

V 

Emitter-to-Base Voltage 

v EBO 

l£ = 1 mA, lc = 0 

9 

- 

V 

DC Forward-Current Transfer 

Ratio 

hFE 

1C = 1.2 A, VcE = 10 V 

12 

- 


Collector-to-Emitter Saturation 
Voltage 

VcE(sat) 

1C =4 A, l B = 0.8 A 

- 

3 

V 

Base-to-Emitter Saturation 
Voltage 

VBE(sat) 

l C = 4 A, l B =0.8 A 

- 

2 

V 

Second-Breakdown Collector 
Current: 

With base forward biased 

's/b a 

VcE = 50 V 

0.9 

- 

A 

Second-Breakdown Energy: 

With base reversed biased 

Es/b 3 

L = 100 pH, lc(PEAK) = 3 A, R - 50 £2 

V B E = -4 V 

0.45 

- 

mJ 


a For characteristics curves and test conditions, refer to published data for prototype 2N6079 (File 492). 


Type 40852 (For 5-V, 50-A & 30-V, 10-A Power Supplies) 

Package: JEDECTO-3 

Applications Information: See "RCA Power Circuits" manual SP-52 and RCA Application Note AN4509 


ELECTRICAL CHARACTERISTICS,/^ Case Temperature (Tq) = 25°C Unless Otherwise Specified. 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector-Cutoff Current: 

With base reverse biased 

•CEV 

V C E =450 V, V B E = -1.5 V 

- 

0.5 

mA 

•CEV 

Vqe = 450 V, V B E = -1 -5 V, Tc = 1 25°C 

- 

5 

mA 

Collector-to-Emitter Voltage 

With base open 

VCEO 3 

1C = 0.2 A, l B = 0 

350 

- 

V 

Collector-to-Emitter Voltage 

With external base-to- 
emitter resistance (Rbe) 

VCER 3 

lc = 0.2 A, Rbe = 50 £2 

375 

- 

V 

Emitter-to-Base Voltage 

VEBO 

l£ = 1 mA, lc = 0 

9 

- 

V 

DC Forward-Current Transfer 

Ratio 

hFE 

1C = 1 .2 A, V C E = 1 0 V 

12 

- 


Collector-to-Emitter Saturation 
Voltage 

VcE (saD 

1C = 4 A, Ib =0.8 A 

- 

3.0. 

V 

Base-to-Emitter Saturation 
Voltage 

VBE(sat) 

1C = 4 A, Ib = 0.8 A 

- 

2.0 

V 

Second-Breakdown Collector 
Current: 

With base forward biased 

<S/b 3 

VcE = 40 V 

2.5 


A 

Second-Breakdown Energy: 

With base reversed biased 

Es/b 3 

L = 100)uH, l C (PEAK) =3 A, R = 50 £2 

Vre = *4 V 

0.45 

— 

mJ 


a For characteristics curves and test conditions, refer to published data for prototype 2N5840 (File 410). 
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, 40850-40854 File No. 498 

Type 40853 (For 5-V, 100-A & 30-V, 20-A Power Supplies) 

Package: JEDECTO-3 

Applications Information: See "RCA Power Circuits" manual SP-52 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector-Cutoff Current: 

With base reverse biased 

'CEV 

V C E = 450V,VbE = -1.5 V 

- 

1.0 

mA 

'CEV 

V C E = 450 V, V B E = -1.5 V, T C = 125°C 

- 

10 

mA 

Collector-to-Emitter Voltage 
With base open 

VCEO 3 

l C = 0.2 A, l B - 0 

300 

- 

V 

Collector-to-Emitter Voltage 
With external base-to- 
emitter resistance (Rbe) 

VCER 3 

ic = 0.2 a, r B e = 50 n 

375 

- 

V 

Emitter-to-Base Voltage 

Vebo 

l£ = 5 mA, Ic = 0 

6 


V 

DC Forward-Current Transfer 

Ratio 

hFE 

l C = 5 A, V CE =4 V 

10 

- 


Collector-to-Emitter Saturation 
Voltage 

VcE(sat) 

l C = 8 A, Ib = 1-6 A 

- 

3.0 

V 

Base-to-Emitter Saturation 
Voltage 

VBE(sat) 

IC = 8 A, l B = 1.6A 

- 

2.0 

V 

Second-Breakdown Collector 

Current: 

With base forward biased 

is/b a 

V C E = 50 V 

2.2 

- 

A 

Second-Breakdown Energy: 
With base reversed biased 

Es/b 3 

L = 50mH. Ic(PEAK) = 5 A, R = 20 SI 

V B E = -4 V 

0.62 

- 

mJ 


a For characteristics curves and test conditions, refer to published data for prototype 2N5805 (File 407). 


Type 40854 (For 5-V, 200-A & 30-V, 40-A Power Supplies) 

Package: JEDECTO-3 

Applications Information: See "RCA Power Circuits" manual SP-52 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25°C Unless Otherwise Specified. 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector-Cutoff Current: 

'CEV 

V C E = 450 V, V B E = -1.5 V 

- 

1.0 

mA 

With base reverse biased 

>CEV 

V C E = 450 V, V B E = -1.5 V, T C = 125°C 

- 

10 

mA 

Collector-to-Emitter Voltage 
With base open 

VCEO 3 

IC = 0.2A, Ib = 0 

300 

- 

V 

Collector-to-Emitter Voltage 
With external base-to- 
emitter resistance (Rbe) 

VCER 3 

lC = 0.2 A, Rbe = 50S2 

325 

- 

V 

Emitter-to-Base Voltage 

vebo 

1 E = 5 mA, Ic = 0 

6 

- 

V 

DC Forward-Current Transfer 
Ratio 

hFE 

l C = 10 A, V C E = 4 V 

8 

- 


Collector-to-Emitter Saturation 
Voltage 

VcE(sat) 

IC= 16 A, Ib = 3.2A 

- 

3.0 

V 

Base-to-Emitter Saturation 
Voltage 

VBE(sat) 

IC= 16 A, Ib = 3.2A 

- 

3.0 

V 

Second-Breakdown Collector 
Current: 

With base forward biased 

's/b a 

V C e= 30 V 

5.8 

- 

A 

Second-Breakdown Energy: 
With base reversed biased 

Es/b" 

L = 50 /uH, lc(PEAK) = 10 A, R = 50 

V B e = -4 V 

2.5 

- 

mJ 


For characteristics Icurves and test conditions, refer to published data for prototype 2N6251 (File 523). 
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OUCBZ/D 

Solid State 
Division 


RF Power Transistors 

40894 40896 

40895 40897 



High - Frequency 
Silicon N-P-N Transistors 

For TV-Tuner, FM and AM/FM "Front-End", and 
IF Amplifier, Oscillator, and Converter Service 
Features: 

■ High gain-bandwidth products: 

fj = 1200 MHz typ. for tuner types 

= 800 MHz typ. for if-amplifier types 

■ Very low collector-to-base feedback capacitance: 

C cb = 0.7 pF typ. for 40894, 40895 

■ Low noise figure: 

3 dB typ. at 200 MHz for rf amplifier type 


RCA-40894, 40895, 40896, and 40897 are high-frequency 
n-p-n silicon devices characterized especially for rf, mixer, 
oscillator, and if stages of vhf, SSB, and FM receivers. 

These devices utilize a hermetically sealed four-lead JEDEC 
TO-72 package. All active elements of the transistor are in- 
sulated from the case, which may be grounded by means of 
the fourth lead in applications requiring minimum feedback 
capacitance, shielding of the device, or both. 


■ High power gain as neutralized amplifier: 

G pe = 15 dB min. at 200 MHz (40894) 

■ High power output as uhf oscillator: 

Pqe = 20 mW typ. at 500 MHz (40896) 

■ Low noise figure: 

NF = 4.5 dB max. at 200 MHz (40894) 

■ Low collector-to-base time constant: 

r b 'C c = 14 ps max. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-EMITTER VOLTAGE 

COLLECTOR-TO-BASE VOLTAGE 

EMITTER-TO-BASE VOLTAGE 

CONTINUOUS COLLECTOR CURRENT 

TRANSISTOR DISSIPATION 

With heat sink, at case temperatures up to 25°C . 
With heat sink, at case temperatures above 25°C . 

At ambient temperatures up to 25°C 

At ambient temperatures above 25°C 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

CASE TEMPERATURE (During soldering): 

At distances ^ 1/32 in. (0.8 mm) from seating 
surface for 10 seconds max 


V C EO 12 v 

V CB0 20 V 

V E BO 25 V 

Iq 50 mA 

P T 

300 mW 

Derate linearly 1.71 mW/°C 

200 mW 

Derate linearly 1.14 mW/°C 

-65 to +200 °C 


265 °C 


12-71 
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ELECTRICAL CHARACTERISTICS at Ambient Temperature (T A ) = 25°C unless otherwise specified 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

FREQUENCY 

MHz 

DC COLLECTOR OR 

EMITTER VOLTAGE 
V 

DC CURRENT 

mA 

TYPE 40894 

RF AMPLIFIER 

TYPE 40895 
MIXER 

< 

o 

co 

V CE 

V EB 

»E 

•c 

'b 

Min. 

Typ. 

Max. 

Min. 

Typ. 

— 

Max. 

Collector-Cutoff 

Current 

'CBO 


15 



0 



- 

- 

0.02 

- 

- 

0.02 

HA 

T A = 150°C 


15 



0 




- 

1 

- 

- 

1 

Collector-to-Base 

Breakdown Voltage- 

v (BR)CBO 





0 

0.001 


20 

- 

- 

20 

- 

- 

V 

Collector-to-Emitter 
Sustaining Voltage 

v CEO* sus > 






3 

0 

15 

- 

- 

15 

- 

- 

V 

Emitter-to-Base 

Breakdown Voltage 

v (BR)EBO 





0.01 

0 


2.5 

- 

- 

2.5 

- 

- 

V 

Collector-to-Emitter 
Saturation Voltage 

V CE (sat) 






10 

1 

- 

- 

0.4 

- 

- 

0.4 

V 

Base-to-Emitter 
Saturation Voltage 

VBE< sat > 






10 

1 

- 

- 

1 

- 

- 

1 

V 

Static Forward Current- 

Transfer Ratio 

h FE 



6 



1 


50 

80 

250 

40 

70 

250 


Magnitude of Common- 
Emitter, Small-Signal 
Short-Circuit, For- 
ward Current 

Transfer Ratio 3 

l b fel 

100 

1 kHz 


6 

6 



5 

2 


9 

25 

14 

90 

20 

300 

9 

25 

14 

90 

20 

300 


Collector-to-Base 
Feedback Capaci- 
tance* 3 

C cb 

0.1 to 1 

10 



0 



- 

0.7 

1 

- 

0.7 

1 

PF 

Common-Base Input 
Capacitance 0 

c ib 

0.1 to 1 



0.5 


0 


- 

- 

2 

- 

- 

2 

PF 

Collector-to-Base 

Time Constant 3 

r b'^c 

31.9 

6 




2 


3 

7 

14 

3 

7 

14 

PS 

Small-Signal Power Gain 
in Neutralized Com- 
mon-Emitter Ampli- 
fier Circuit 3 (see 

Fig. 6) 

g pe 

10.7 

200 


12 

12 



5 

5 


15 

21 

- 

15 

21 

- 

dB 

Noise Figure 3 

NF 

200 


6 



1.5 


- 

3 

4.5 

- 

- 


dB 


“Lead No. 4 (case) grounded; Rg » 125fi 

b Three-terminal measurement of the collector-to-toase capacitance 
with the case and emitter leads connected to the guard terminal. 
c Lead No. 4 (cbsc) floating. 
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ELECTRICAL CHARACTERISTICS at Ambient Temperature (T^) = 25°C unless otherwise specified 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

FREQUENCY 

MHz 

DC COLLECTOR OR 

EMITTER VOLTAGE 

V 

DC CURRENT 

mA 

TYPE 40896 
OSCILLATOR 

TYPE 40897 

IF AMPLIFIER 

V CB 

< 

o 

m 

V E B 

•e 

•c 

•b 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Collector-Cutoff 

Current 

'CBO 


15 



0 



- 

- 

0.02 

- 

- 

0.02 

MA 

T A = 150°C 


15 



0 



- 

- 

1 

- 

- 

1 

Collector-to-Base 

Breakdown Voltage- 

v (BR)CB0 





0 

0.001 


20 

- 

- 

20 

- 


V 

Collector-to-Emitter 
Sustaining Voltage 

VcE0< sus > 






3 

0 

15 

- 

- 

15 

- 


V 

Emitter-to-Base 

Breakdown Voltage 

V (BR)EB0 





0.01 

0 


2.5 

- 

- 

2.5 

- 

- 

V 

Collector-to-Emitter 
Saturation Voltage 

VQg(sat) 






10 

1 

- 


0.4 

- 

- 

0.4 

V 

Base-to-Emitter 
Saturation Voltage 

VBE(sat) 






10 

1 



1 

- 

- 

1 

V 

Static Forward Current- 
Transfer Ratio 

b FE 



6 



1 


27 

50 

250 

70 

120 

250 


Magnitude of Common- 
Emitter, Small-Signal 
Short-Circuit, For- 
ward Current 

Transfer Ratio 3 

1 h fe | 

100 

1 kHz 


6 

6 



5 

2 


9 

25 

14 

90 

20 

300 

9 

25 

14 

90 

20 

300 


Collector-to-Base 
Feedback Capaci- 
tance b 

C cb 

0.1 to 1 

10 



0 



- 

0.7 

1 

- 

0.7 

1 

pF 

Common-Base Input 
Capacitance 0 

c ib 

0.1 to 1 



0.5 


0 


- 

- 

2 

- 

_ 

2 

pF 

Collector-to-Base 

Time Constant 3 

r b'^c 

31.9 

6 




2 


3 

7 

14 

3 

7 

14 

ps 

Small-Signal Power Gain 
in Neutralized Com- 
mon-Emitter Ampli- 
fier Circuit 3 (see 

Fig. 6) 

G pe 

10.7 

200 


12 

12 



5 

5 


15 

21 

- 

18 

25 

- 

dB 

Noise Figure 3 

NF 

200 


6 



1.5 


- 

- 

- 

- 

- 

- 

dB 


a Lead No. 4 (case) grounded; Rg - 1250 

^Three-terminal measurement of the collector-to-base capacitance 
with the case and errtitter leads connected to the guard terminal. 
c Lead No. 4 (case) floating. 
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Fig. 1— Small-signal beta characteristic for all types 


TWO-PORT ADMITTANCE (y) PARAMETERS AS FUNCTIONS OF 
FREQUENCY (f) FOR ALL TYPES 


COMMON-EMITTER CIRCUIT, BASE INPUT; 

OUTPUT SHORT-CIRCUITED. 
COLLECTOR-TO-EMITTER VOLTAGE (V CE ) = 4V 
COLLECTOR CURRENT (lr)= 1.5mA 

AMBIENT TEMPERATURE (T a ) = 25°C 
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Fig. 3— Output admittance (y oe ) 
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Fig. 4— Forward transadmittance ( yf q) 


Fig. 5-Reverse transadmittance (y re ) 
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NOTE: (Neutralization Procedure): (a) Connect a 50-S7 rf volt- 
meter to the output of a 200-MHz signal generator (Rg = 50f2), and 
adjust the generator output to 5 mV. (b) Connect the generator to 
the input and the rf voltmeter to the output of the amplifier, as 
shown above, (c) Apply and Vqq, and adjust the generator 
output to provido an amplifier output of 5 mV. (d) Tune C2, C6, 
and C7 for maximum amplifier output, readjusting the generator 
output as required to maintain an output of 5 mV from the ampli- 
fier. (e) Interchange the connections to the signal generator and the 
rf voltmeter, (f ) With sufficient signal applied to the output terminals 
of theamplifier, adjust C^j for a minimum indication at the amplifier 
input, (g) Repeat steps (a), (b), (c),and (d) to determine if retuning 
is necessary. 

Q = Type 40894, 40895, 40896, or 40897 

L-] : 1-3/4 turns No. 18 wire 0.5 in. (12.7 mm) long, 0.5 in. (12.7 
mm) ID 

L 2 : 2 turns No. 16 wire, 0.5 in. (12.7 mm) long, 0.5 in. (12.7 mm) 
ID 

L3: 2 turns No. 18 wire, 0.25 in. (6.35 mm) long, 0.5 in. (12.7 mm) 
ID. Position approximately 1/4 in. (6.35 mm) from L 2 . 

All capacitances in pF unless otherwise specified. 


Fig. 6— Neutralized amplifier circuit used to measure power gain and noise figure at 200 MHz for all types 


TERMINAL CONNECTIONS 

Lead 1 — Emitter 

Lead 2 — Base 

Lead 3 — Collector 

Lead 4 — Connected to case 
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Solid State 
Division 


RF Transistors 
40915 



0.2-to-1.4-GHz Low-Noise 
Silicon N-P-N Transistor 

For High-Gain Small-Signal Applications 

Features: 

■ Low noise figure: 

NF = 2.5 dB (max.) with 11 dB gain at 450 MHz 
= 3.0 dB (typ.) at 890 MHz 

= 4.5 dB (typ.) at 1.3 GHz ■ High gain-bandwidth product 
a High gain (tuned, unneutralized): ■ Large dynamic range 

G pe = 14 dB (min.) at 450 MHz ■ Low distortion 
= 6.5 dB (typ.) at 1.3 GHz 


RCA-40915* is an epitaxial silicon n-p-n planar transistor in- 
tended for low-power, small-signal applications where both 
low noise and high gain are desirable. It utilizes a hermetically 
sealed four-lead JEDEC TO-72 package. All of the elements 
of the transistor are insulated from the case, which may be 
grounded by means of the fourth lead. 

•Formerly RCA Dev. No. TA8104. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


Collector-to-Base Voltage 

Collector-to-Emitter Voltage 

Emitter-to-Base Voltage 

Collector Current (Continuous) 
Transistor Dissipation: 

At ambient temperatures up 

to 25°C 

At ambient temperatures above 
25°C 

Temperature Range: 

Storage and Operating 

(Junction) 


v CB0 

35 

V 

v CE0 

15 

V 

V EB0 

3.5 

V 

■c 

40 

mA 

P T 

200 

mW 


Derate linearly 
at 1.14 mW/°C 


-65 to +200 °C 
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Fig. 1— Typical noise figure vs. frequency. 
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40915 


ELECTRICAL CHARACTERISTICS at Ambient Temperature (T A ) = 25°C 




TEST CONDITIONS 




CHARACTERISTIC 

SYMBOL 

DC 

COLLECTOR 

VOLTAGE 

(V) 

DC 

CURRENT 

(mA) 

LIMITS 

UNITS 



V CB 

V CE 

•e 

'b 

■c 

MIN. 

MAX. 



STATIC 


Collector Cutoff Current 

'CBO 

10 


0 



- 

20 

nA 

Collector-to-Base 

Breakdown Voltage 

v (BR)CBO 



0 


0.01 

35 

- 

V 

Collector-to-Emitter 

Breakdown Voltage 

v (BR)CEO 




0 

0.1 

15 

- 

V 

Emitter-to-Base 

Breakdown Voltage 

v (BR)EBO 



0.01 


0 

3.5 

- 

V 

DC Forward-Current 

Transfer Ratio 

hFE 


10 



3 

20 

- 

- 

Thermal Resistance: 

(Junction-to-Ambient) 

R 0JA 






- 

880 

°c/w 


DYNAMIC 


Device Noise Figure (f = 450 MHz) 

NF 


10 



1.5 

- 

2.5 

dB 

Small-Signal Common-Emitter 
Power Gain (f = 450 MHz) 
Unneutralized Amplifier 

G pe 


10 



1.5 

14 

- 

dB 

At minimum noise figure 

G pe 


10 



1.5 

11.0 

- 

dB 

Collector-to-Base Output 
Capacitance (f = 1 MHz) 

^o bo 

10 


0 



- 

1.0 

PF 



Fig.3— Typical insertion power gain us. collector current. 


5 

4 

m 

FRE 

AME 

OU 

3iEr 

INC 

4T 

Y 

TE 

f) 

MR 

* 450MH 
ERATURE 


25°C 













■b 


NOISE FIGURE (N 






3 V 

6 V 






COI 

VO! 

u 

-LE 

LTA 

Uh 

CTi 

GE 

OR 

IV ( 

-T 

:e> 

O-EMITT 
■ 10V 

ER _ 


















0.5 1 1.5 : 


6 

l( 


COLLECTOR CURRENT Uc)-mA 


Fig.4— Typical noise figure vs. collector current. 
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COLLECTOR CURRENT (I C )-mA 


Fig. 5— typical power gain (at minimum noise 
figure ) vs. collector current. 


Fig.8— Typical input reflection coefficient. 



Fig.6— Typical output power level (with 1 dB of 
gain compression) vs. collector current. 

COLLECTOR -TO-EMITTER VOLTAGE (V CE )*I0V 

TERMINATIONS: 50fl 

AMBIENT TEMPERATURE (T A )»25°C 



Fig. 7— Typical forward and reverse transfer coefficients. 



* In General Radio type 1607-P44 transistor mount, 
or equivalent. 

** VgB adjusted for \q = 1 .5 mA. 

Fig.9— Block diagram of test setup tor measurement 
of power gain and noise figure. 
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Solid State 
Division 


Power Transistors 
41500 



Epitaxial-Base, Silicon N-P-N 
VERSAWATT Transistor 

General-Purpose Medium-Power Type for 
Switching and Amplifier Applications 

Features 

■ Low saturation voltages 

■ VERSAWATT package (molded silicone plastic) 

■ Maximum safe-area-of-operation curves specified 
for dc operation 


RCA-41 500 is an epitaxial-base silicon n-p-n transistor supplied 
in the JEDEC TO-220AB version of the VERSAWATT package. 
This transistor is intended for a variety of medium-power 
switching and amplifier applications, such as series and shunt 


regulators and driver and output stages of high-fidelity ampli- 
fiers. The 41500 may also be used as the n-p-n complement 
of p-n-p type 41 501 . (Data for the 41501 are supplied in bulle- 
tin File No. 770.) 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-supply resistance (R BB ) = 100 SI, 

and base supply voltage (V BB ) = 0 

With base open 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT (Continuous) 

At case temperature ^ 1 06°C 

BASE CURRENT (Continuous) 

At case temperature ^ 130 C 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25 C 

At case temperatures up to 100°C 

At ambient temperatures up to 25 C 

At case temperatures above 25°C 

At case temperatures above 100 C 

At ambient temperatures above 25 C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

LEAD TEMPERATURE (During Soldering): 

At distance ^ 1/8 in. (3.17 mm) from case for 10 s max. 


V CBO 

35 

V 

V CEX 

35 

V 

V CEO 

25 

V 

V EBO 

3 

V 

'c 

7 

A 

'b 

3 

A 

P T 

40 

W 


16 

W 


1.8 

W 


Derate linearly at 0.32 W/ C, or see Fig. 4, 
Derate linearly at 0.32 W/°C 

Derate linearly at 0.0144 W/°C 

-65 to 150 

°C 


235 

°C 
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File No. 772 41500 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 25° C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

Vdc 

CURRENT 

Adc 

41500 

< 

o 

m 

V BE 

■c 

'b 

Min. 

Max. 

Collector-Cutoff Current: 

With external base-to-emitter resistance 
(R be ) = 100 £2 

! CER 

30 




■ 

0.25 

n 

Emitter-Cutoff Current 

! ebo 


-3 

0 


- 

1 

mA 

Collector-to-Emitter Sustaining Voltage: 
With base open 

V C EO< sus ) 



0.1 a 

0 

25 

■ 


With external base-to-emitter 
resistance (R BE ) = 100 £2 

V C ER< SUS ) 



0.1 


35 

■ 

DC Forward-Current Transfer Ratio 

hFE 

4 


1 a 


25 

- 


Base-to-Emitter Voltage 

V BE 

4 


1 a 


- 

1.5 

V 

Collector-to-Emitter Saturation Voltage 

V CE (sat) 



1 a 

0.1 

- 

1 

V 

Common-Emitter, Small-Signal, Short- 
Circuit, Forward-Current Transfer 

Ratio (f = 50 kHz) 

tye 

4 


0.5 



B 


Gain-Bandwidth Product 

f T 

4 


0.5 


4 

- 


Magnitude of Common-Emitter, Small- 
Signal, Short-Circuit, Forward Current 
Transfer Ratio (f = 1 MHz) 

l h fe| 

■ 

■ 

0.5 


■ 


B 

Collector-to-Base Capacitance 
(f = 1 MHz, V CB = 10 V) 

^obo 


■ 

0 


- 


PF 

Thermal Resistance: 

Junction-to-Case 

R 0JC 





- 

3.125 

°C/W 

Junction-to-Ambient 

R 0JA 





- 

70 


a Pulsed; pulse duration = 300 jus; rep. rate = 60 Hz; duty factor < 2%. 

CAUTION: The sustaining voltage Vq EB (sus) MUST NOT be measured on a curve tracer. 




8 COLLECTOR-TO-EMITTER VOLTAGE 

(v CE )-v 

92CS-24060 

The sustaining voltage, Vqj= b (sus), is acceptable when the 
traces fall to the right and above point "A". 


92CS- 24059 

Fig. 1 — Circuit used to measured sustaining voltage V qer (sus). 


Fig. 2 — Oscilloscope display for measurement of sustaining voltage 
(test circuit shown in Fig. 1). 
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92CS-2253I 

Fig. 6 — Typicat input characteristics. 



Fig. 7 — Typical gain-bandwidth product. 



COLLECTOR -TO -EMITTER VOLTAGE (V CE ) V 

92CS-I9673RI 



92CS- 22535 


Fig. 8 — Typical output characterstics. 


Fig. 9 — Typical transfer characteristics. 


TERMINAL CONNECTIONS 

Terminal No. 1 — Base 
Terminal No. 2 — Collector 
Terminal No. 3 — Emitter 
Terminal No. 4 — Collector 
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Solid State 
Division 


Power Transistors 
41501 



Epitaxial-Base, Silicon P-N-P 
VERSAWATT Transistor 

General-Purpose Medium-Power Type for 
Switching and Amplifier Applications 


Features 

■ Low saturation voltages 

■ VERSAWATT package (green molded silicone plastic) 

■ Maximum safe-area-of-operation curve specified for dc operation 


RCA-41501 is an epitaxial-base silicon p-n-p transistor supplied 
in a VERSAWATT package. It is intended for a wide variety of 
medium-power switching and amplifier applications, such as 
series and shunt regulators and driver and output stages of 
high-fidelity amplifiers. 

TERMINAL CONNECTIONS 

Terminal No. 1 — Base 
Terminal No. 2 — Collector 
Terminal No. 3 — Emitter 
Terminal No. 4 — Collector 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With external base-to-emitter resistance (Rgg) = 100 n 

With base open 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT 

BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25 C 

At ambient temperatures up to 25 C 

At case temperatures above 25 C 

At ambient temperatures above 25 C 

TEMPERATURE RANGE: 

Storage and operating (Junction) 

LEAD TEMPERATURE (During soldering) : 

At distance ^ 1/8 in. (3.17 mm) from seating plane for 10 s max. 



EFFECTIVE CASE TEMP. OR CASE TEMP. (T E FF OR T C )-°C 
Fig. 1— Derating curve. 


V CBO 

V CER ,S 

V CEO (s 

V EBO 

'c 

'b 

P T 

Derate linearly 
Derate linearly 


-25 

-3 

-7 

-3 

40 

1.8 

0.32 W/°C, or see Fig. 1. 
0.0144 

-65 to +150 


V 

V 

V 
A 
A 

W 

W 
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File No. 770 


41501 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C unless otherwise specif ied 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

V dc 

CURRENT 

Adc 


< 

O 

m 

V BE 

'c 

*B 

Min. 

Max. 

Collector Cutoff Current: 

With external base-to-emitter resistance 
(R be ) = 100 n 

'CER 

-30 




- 

-0.25 

mA 

Emitter Cutoff Current 

'ebo 


3 

0 


- 

-1 

mA 

DC Forward-Current Transfer Ratio 

h FE 

-4 


_1 a 


25 

- 


Collector-to-Emitter Sustaining 

Voltage: 

With base open 

v CEO* sus ^ 



-0.1 a 

0 

— 25 b 

- 

V 

With external base-to-emitter 
resistance (Rg E ) = 100 £1 

V CE r( sus ) 



-0.1 a 


— 35 b 

- 

Base-to-Emitter Voltage 

V BE 

-4 


-1 a 


- 

-1.5 

V 

Collector-to-Emitter Saturation 

Voltage 

^CE^ sat ^ 



_1 a 

-0.1 

| 


■ 

Collector-to-Base Capacitance 
(f = 1 MHz, V CB = -10 V) 

C ob 



0 


- 


H 

Thermal Resistance 

Junction-to-Case 

Junction-to-Ambient 

R 0JC 

R 0JA 





- 


°c/w 


a Pulsed, pulse duration = 300 /ns, duty factor = 1 .8% 

b CAUTION: Sustaining voltages Vq^q(sus), and Vq^^(sus) MUST NOT be measured on a curve tracer. 




Fig. 2 — Typical dc beta characteristics. 


Fig. 3 — Typical input characteristics. 






COLLECTOR CURRENT (I C ) 








File IMo. 773 


Power Transistors 


Solid State 
Division 


41502 



Medium-Power Silicon 
N-P-N Planar Transistor 

For Small-Signal Applications 
In Industrial and Commercial Equipment 

Features: 

° For operation at junction 

temperature up to 200°C 
° Planar construction for 

low noise and low leakage 
Q Low output capacitance 


RCA-41502 is a silicon n-p-n planar transistor intended for a 
wide variety of small-signal and medium-power applications 
in commercial and industrial equipment. The device features 
exceptionally low noise, low leakage, high switching speed, 
and high pulsed beta. 


It is suitable for low-power, low-cost industrial and audio 
uses, and may be employed as the n-p-n complement to RCA 
p-n-p type 41503. (Data for the 41 503 are supplied in bulletin 
File No. 774.) 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At ambient temperatures up to 25°C 

At temperatures above 25°C 
TEMPERATURE RANGE: 

Storage and Operating (Junction) 

LEAD TEMPERATURE (During soldering): 

At distance >1/16 in. (1.58 mm) from 

seating plane for 10 s max 


v CEO (sus * 

30 

V 

v EBO 

4 

V 

'c 

1 

A 

PT 

3 

W 


0.8 

See Fig. 1 

W 


—65 to +200 

°c 


300 

°c 


5-74 


459 





41502 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 


CURRENT 

mA dc 

41502 

K33 



HI 

□ 

•c 

Min. 

Max. 

Collector Cutoff Current: 
With emitter open 


H 



a 

■ 


_ 

2 

n 

Emitter-to-Base 

Breakdown Voltage 

v (BR)EBO 





■ 


4 

- 

H 

Collector-to-Emitter 
Sustaining Voltage: 

With base open 

VcEO< sus ) 

■ 

■ 

■ 

1 




■ 

■ 

Collector-to-Emitter 
Saturation Voltage 

V CE (sat) 





B 


_ 


V 

Base-to- Emitter Voltage 

LU 

CO 

> 


mm 





- 


V 

DC Forward-Current 
Transfer Ratio: 

hFE 


10 


■ 

■ 


20 

- 


Output Capacitance 

^ob 

10 



0 



- 

25 

PF 

Input Capacitance 

c ib 






0 

- 

80 

pF 

Thermal Resistance: 
Junction-to-case 

R 0JC 







_ 

58.3 

°C/W 

Junction-to-ambient 

R 0JA 







- 

219 


a Pulsed. Pulse duration = 300 jusec; duty factor < 2%. 


TERMINAL CONNECTIONS 

Lead 1 — Emitter 

Lead 2 — Base 

Lead 3 — Collector, Case 



Fig. 1 — Rating chart. 



























File No. 774 



Solid State 
Division 


Power Transistors 
41503 



Medium-Power Silicon 
P-N-P Planar Transistor 

General-Purpose Medium-Power Type for 
Industrial and Commercial Applications 


Features: 

■ Maximum safe-area-of-operation curves specified 
for dc operation 

■ Planar construction for low noise and low 
leakage 


RCA-41503 is an epitaxial-planar silicon p-n-p transistor in- 
tended for a wide variety of small-signal, medium-power appli- 
cations. It is suitable for low-power, low-cost industrial and 

MAXIMUM RATINGS, Absolute-Maximum Values: 


audio uses, and may be employed as the p-n-p complement to 
RCA n-p-n type 41502. (Data for the 41502 are supplied in 
bulletin File No. 773). 


COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT 

BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25 C 

At ambient temperatures up to 25 C 

At temperatures above 25 C 

TEMPERATURE RANGE: 

Storage and operating (Junction) 

LEAD TEMPERATURE (During soldering) : 

At distances ^ 1/16 in. (1.58 mm) from seating plane for 10s max. 


v CEO* sus ) 

V EBO 

! C 

'B 


-30 V 

-4 V 

-1 A 

-0.5 A 

7 W 

1 W 

See Figs. 1 and 5 

-65 to +200 °C 

230 °C 



CASE OR AMBIENT TEMPERATURE I T c OR T A )— °C 

. 92CS— 24057 

Fig. 1 — Dissipation derating curve. 


COLLECTOR-TO-EMITTER VOLTAGE (V Cl -)*-IO v| 
AMBIENT TEMPERATURE (T A )* 25°C E | 
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Fig. 2 — Typical dc beta characteristics. 
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File No. 774 


41503 


ELECTRICAL CHARACTERISTICS, at Case Temperature (T c ) = 25° C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

V dc 

CURRENT 

mA dc 

41503 

CQ 

O 

> 

V CE 

V EB 

•c 

'E 

■b 

Min. 

Max. 

Collector Cutoff Current: 

With emitter open 

'CBO 

-15 






- 

-2 

pA 

Emitter-to-Base Breakdown Voltage 

V (BR)EB0 




0 

-0.1 


-4 

- 

V 

Collector-to-Emitter Sustaining 

Voltage: 

(See Figs. 3 and 4) 

With base open 

V CEO< sus > 




— 30 a 


0 

-30 


V 

Collector-to-Emitter Saturation 

Voltage 

VQg(sat) 




-150 


-15 

- 

-1.5 

V 

Base-to-Emitter Voltage 

V BE 


-10 


—1 50 b 



- 

-2.5 

V 

DC Forward-Current Transfer Ratio 

b FE 


-10 


— 150 b 



20 

- 


Collector-Base Capacitance 
(at f = 1 MHz) 

^ob 

-10 




0 


- 

30 

pF 

Input Capacitance 

c ib 



-0.5 

0 



- 

90 

pF 

Thermal Resistance* 

Junction-to-Case 

R 0JC 







_ 

25 

°c/w 

Junction-to-Ambient 

R 0JA 








165 


a CAUTION: The sustaining voltage Vcqq( sus ) MUST NOT be measured on a curve tracer. 
This sustaining voltage should be measured by means of the test circuit shown in Fig. 3. 

b Pulsed; pulse duration = 300 ps, duty factor < 2%. 



92CS-24054 

Fig. 3 — Circuit used to measure sustaining voltage, V q^q(sus). 


TERMINAL CONNECTIONS 

Lead 1 — Emitter 

Lead 2 — Base 

Lead 3 — Collector, Case 


C0LLECT0R-T0-EMITTER VOLTAGE (v CE ) — V 


-30 0 t— 



92CS— 24055 

NOTE: The sustaining voltage Vqeq(sus) is acceptable when 
the traces fall to the left and below point "A”. 

Fig. 4 — Oscilloscope display for measurement of sustaining voltage 
(test circuit shown in Fig. 1). 
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COLLECTOR-TO-EMITTER VOLTAGE (V CE ) — V 

92CS-24056 


Fig. 5 — Maximum operating areas. 



92LS-I282RI 


Fig. 6— Typical output characteristics. 
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Fig. 7 — Typical output characteristics. 
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OUCBZ/O 

Solid State 
Division 


Power Transistors 
41504 



Hometaxial-Base Silicon N-P-N 
VERSAWATT Transistor 

Designed for Medium-Power 
Linear and Switching Applications 


Features: 

n Low saturation voltages 
o High dissipation ratings 


RCA-41504 is a silicon n-p-n transistor intended for a wide 
variety of medium-power applications. The hometaxial-base 
construction of this device renders it highly resistant to second 
breakdown over a wide range of operating conditions. The 
41504 is supplied in the JEDEC TO-220AB straight-lead 
version of the VERSAWATT package. 


Applications: 

° Series and shunt regulators 
o High-fidelity amplifiers 
n Power-switching circuits 
“ Solenoid drivers 

TERMINAL CONNECTIONS 
JEDEC TO-220AB 


Terminal No. 1 — Base 
Terminal No. 2 — Collector 
Terminal No. 3 — Emitter 
Terminal No. 4 — Collector 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With external base-to-emitter resistance (Rq^) = 100 n Vq E r(sus) 

EMITTER-TO-BASE VOLTAGE V EB0 

CONTINUOUS COLLECTOR CURRENT I C 

CONTINUOUS BASE CURRENT I B 

TRANSISTOR DISSIPATION: Pj 

At case temperatures up to 25 C 

At case temperatures above 25 C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

PIN TEMPERATURE (During Soldering): 


At distances ^ 1/32 in. (0.8 mm) from seating plane for 10 s max. 


35 V 

4 V 

4 A 

2 A 

36 W 
See Fig. 1 

-65 to +150 °C 

235 °C 
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41504 File No. 775 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T C ) = 2& > C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

Vdc 

CURRENT 

Adc 


V CE 

< 

m 

CD 

■c 

'B 

MIN. 

MAX. 

Collector-Cutoff Current: 

With external base-to-emitter resistance 
(R be ) = 100 £2 

>CER 

20 




- 

5 

mA 

Emitter-Cutoff Current 

'ebo 


4 

0 


- 

1 

mA 

Collector-to-Emitter Sustaining Voltage: 
With external base-to-emitter resistance 
(R be ) = 100 £2 

V CER< SUS ) 



0.1 a 


35 

- 

V 

DC Forward-Current Transfer Ratio 

hFE 

4 


1 a 


25 

- 


Collector-to-Emitter Saturation Voltage 

V CE (sat) 



1 a 

0.05 

- 

1 

V 

Base-to-Emitter Voltage 

V BE 

4 


m 


- 

1.5 

V 

Magnitude of Common-Emitter, 

Small-Signal Short-Circuit Forward 
Current Transfer Ratio (f = 0.4 MHz) 

l h fe| 

n 

■ 


■ 


■ 

■ 

Thermal Resistance: 

Junction-to-Case 

R 0JC 





_ 

3.5 

°c/w 

Junction-to-Ambient 

R 0JA 





- 

70 


a Pulsed: Pulse duration = 300 ps, duty factor < 2%. 



92SS-3600 


Fig. 1 — Current derating curve. 


466 














GAIN-BANDWIDTH PRODUCT (f T ) - MHz 


File No. 775 



COLLECTOR CURRENT (l C ) - A 
Fig. 2 — Typical dc beta characteristics. 



Fig. 3 — Typical gain-bandwidth product. 



BASE-TO-EMITTER VOLTAGE (V BE ) - V 
Fig. 4 — Typical input characteristics. 



Fig. 5 — Typical transfer characteristics. Fig. 6 — Typical output characteristics. 



File No. 771 



Solid State 
Division 


Power Transistors 
41505 



High-Voltage, Medium- Power 
Silicon N-P-N Transistor 

For High-Speed Switching and Linear-Amplifier Applications 


Features 

■ Thermal fatigue ratings 

■ High frequency response: fj = 20 MHz 

■ Maximum area-of-operation curves for dc and pulse operation 

■ Designed to assure freedom from second breakdown in class A, B, 
and C operation at maximum ratings 


RCA-41505 is an epitaxial-collector, diffused-base silicon n-p-n 
transistor with high breakdown voltage, high frequency re- 
sponse, and high switching speed. 

Typical applications for this device include TV video output, 
RGB output, chroma output, TV blanking, solenoid drivers, 
off-line inverters, regulators, audio output, and electrostatic 
deflection in display circuits. 


NOTE: CURRENT DERATING AT CONSTANT VOLTAGE APPLIES 
ONLY TO THE DISSIPATION-LIMITED PORTION AND Ij/b-LIMITED 
PORTION OF MAXIMUM-OPERATING-AREA CURVES. 

DO NOT DERATE THE SPECIFIED VALUE FOR lc MAX. 


CASE TEMPERATURE (T c ) - »C 


Fig. 1 — Dissipation derating curve. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-EMITTER-SUSTAINING VOLTAGE . 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT 

BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

For pulse operation 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

LEAD TEMPERATURE (During soldering): 

At distance 1/16 in. (1 .59 mm) from case for 10 s max. 


v CEO< su s) 

200 

V 

v EBO 

7 

V 

•c 

1.0 

A 

•b 

0.5 

A 

Pt 

20 

W 


See Figs. 1 and 4 

See Fig. 4 

-65 to 135 

°C 


230 

°c 
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41505 



Output Capacitance (at 1 MHz) 


Thermal Resistance 
Junction-to-Case 


Junction-to-Ambient 


1 CAUTION: The sustaining voltage \/cEOl sus ) MUST NOT be measured on a curve tracer. 


TERMINAL CONNECTIONS 

Lead 1 — Emitter 
Lead 2 — Base 
Lead 3 — Collector 
Rectangular Metal Slug — Collector 


CASE TEMPERATURE (Tc)*25°C: 



exi «t v ou ou iuu izu i40 

COLLECTOR-TO-^EMITTER VOLTAGE (Vce> — V 

92CS — 2 3965 


COLLECTOR-TO-EMITTER VOLTAGE (Vce)*IOV 


■Ml 


«■ a 



3.4 ' 0.6 0.8 

BASE-TO-EMITTER VOLTAGE (VbE> — V 


Fig.2 — Typical output characteristics. 


Fig.3 Typical input characteristics. 












41505 
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COLLECTOR-TO-EMITTER VOLTAGE (Vce)~ V 

92CS-23963 

Fig-4 — Maximum operating areas. 




Fig. 5 — Typical dc beta characteristics. 


Fig. 6 — Typical transfer characteristics. 
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Solid State 
Division 


Power Transistors 
41506 



High-Voltage, High-Power 
Silicon N-P-N Power Transistor 

For Switching and Linear Applications 


Features: 

n Maximum safe-area-of-operation curves 
n Low saturation voltage: VcE( sat ) = 1*5 V (max.) 
a High voltage rating: VceoI sus ) = 200 v 
■ High dissipation rating: Pj = 100 W 


The RCA-41506 is an epitaxial silicon n-p-n power transistor 
utilizing a multiple-emitter- site structure. This device em- 
ploys the popular JEDEC TO-3 package. 

The 41506 features high breakdown-voltage ratings and low 


saturation-voltage values and is especially suitable for use in 
inverters, switching regulators, high-voltage bridge amplifiers, 
and other high-voltage switching applications. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open 

EMITTER-TO-BASE VOLTAGE 

CONTINUOUS COLLECTOR CURRENT 

PEAK COLLECTOR CURRENT 

CONTINUOUS BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C and Vqe up to 40 V . . . 

At case temperatures up to 25°C and Vce above 40 V . . . 

At case temperatures above 25°C and Vce above 40 V . . . 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

PIN TEMPERATURE (During Soldering): 

At distances ^ 1/32 in. (0.8 mm) from seating plane for 10 s max. 


v CBO 200 v 

VcEO(sus) 200 V 

VebO 4 v 

1C 3 A 

'CM 5 A 

l B 1.5 A 

P T 

100 w 

See Fig.4 
See Figs. 3 and 4 

-65 to 200 °C 

230 °C 
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File No. 776 


ELECTRICAL CHARACTERISTICS, Case Temperature (Tq) = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

DC VOLTAGE 

V 

DC CURRENT 
(A) 

VCE 

VEB 

•c 

>B 

Min. 

Max. 

Collector Cutoff Current: 

With base open 

'CEO 

200 





5 

mA 

Emitter-Cutoff Current 

'EBO 


4 




10 

mA 

DC Forward-Current Transfer Ratio 

hFE 

3 


2a 


00 

- 


Collector-to-Emitter Sustaining 

Voltage: 

With base open 
(See Figs. 1 and 2) 

VcEO(sus) 



0.2 


200b 

- 

V 

Base-to-Emitter Saturation Voltage 

VeE(sat) 



2a 

0.35 

- 

2 

V 

Collector-to-Emitter Saturation 

Voltage 

VcE(sat) 



2 a 

0.35 

- 

1.5 

V 

Second-Breakdown Collector Current: 
(With base forward-biased) 

Pulse duration (non-repetitive) = 1 s 

'S/bc 

40 




2.5 

- 

A 

Thermal Resistance (Junction-to-Case) 

R0jc 

10 


5 



1.75 

°C/W 


a Pulsed; pulse duration ^ 350 jus, duty factor = 2%. 

b CAUTION: The sustai ning voltage Vc EO ( sus ) M UST N OT be measured on a curve tracer. The 
sustaining voltage should be measured by means of the test circuit shown in Fig.1 . 
c Ig/b is defined as the current at which second breakdown occurs at a specified collector voltage 
with the emitter-base junction forward-biased for transistor operation in the active region. 


PUSH 

TO 


TEST 



9 2CS- I9286RI 

Fig. 1 — Circuit used to measure sustaining voltage, Vq^q(sus). 



COLLECTOR-TO-EMITTER 
VOLTAGE (V CE ) —V 

THE SUSTAINING VOLTAGE V CE0 (sus) IS 
ACCEPTABLE WHEN THE TRACE FALLS 
TO THE RIGHT AND ABOVE POINT "A“ 
92CS - 24 201 


Fig.2 — Oscilloscope display for measurement of sustaining 
voltage (test circuit shown in Fig. 1). 
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.41506 



92CS-24202 


Fig. 3 — Maximum operating areas. 



92CS- 19296 

Fig.4 — Dissipation and current derating curves. 


3.5 

COLLECTOR-TO-EMITTER VOLTAGE (V CE )= 5 V 
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Fig. 5 — Typical normalized dc beta characteristics. 


473 







41506 


File No. 776 



92SS-4078RI 

Fig. 6 — Typical transfer characteristics. 
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Fig.7 — Typical output characteristics. 


TERMINAL CONNECTIONS 

Pin 1 — Base 
Pin 2 — Emitter 

Mounting Flange, Case — Collector 


474 



File No. 622 



Solid State 
Division 


Power Transistors 
43104 



Hometaxial-Base High-Current 
Silicon N-P-N Transistor 

Rugged High-Voltage Device for Applications 
in Industrial and Commercial Equipment 

Features: 

° High dissipation capability — 150 W 
■ 8-A specification for hp[=, Vgp, and V^p(sat) 
n Vqpx — 160 V min. 
o Low saturation voltage with high beta 


RCA-43104* is a hometaxial-base silicon n-p-n transistor 
intended for a wide variety of high-voltage high-current 
applications. Typical applications include power-switching 
circuits, audio amplifiers, series- and shunt-regulator driver 
and output stages, dc-to-dc converters, inverters, and solenoid 
(hammer)/relay driver service. The 43104 employs the 
popular JEDEC TO-3 package. 

* Formerly type RCA508. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open 

With reverse bias (Vg^) of —1 .5 V 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT: 

Continuous 

Peak 

BASE CURRENT: 

Continuous 

Peak 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

PIN TEMPERATURE (During Soldering): 

At distances >^1/32 in. (0.8 mm) from case for 10 s max. 



CASE TEMPERATURE (T c )— °C 

92LS-I764RI 


Fig. 1 — Current derating curve. 


VCBO 

160 

V 

v CEO 

140 

V 

V CEX 

160 

V 

v EBO 

7 

V 

•c 

16 

A 


30 

A 

'B 

4 

A 


15 

A 

pt 

150 

W 


See Fig, 1 



-65 to +200 

°C 


230 

°C 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

■ 

UNITS 

VOLTAGE 

Vdc 

CURRENT 

A dc 

43104 

V CB 

< 

o 

m 

V EB 

V BE 

■c 

•e 

•b 

Min. 

Max. 

Collector-Cutoff Current; 

With emitter open 

'CBO 

140 





0 


- 

2 

mA 

With base-emitter junction 
reverse-biased 

'CEX 


140 


-1.5 




- 

2 

mA 

With base-emitter junction 
reverse-biased and Tq = 1 50°C 

>CEX 



■ 



1 

■ 

- 



With base open 

'CEO 







0 

- 



Emitter-Cutoff Current 

'EBO 



7 



■ 


- 



DC Forward-Current Transfer Ratio 

h FE 


H 

■ 



1 


15 

5 

60 

Mi 

Collector-to-Emitter Sustaining 
Voltage: 

With base-emitter junction reverse- 
biased (RgE = 1 00 12) 

V CEX< SUS ) 


1 

1 



1 

1 

160 

1 

■ 

With external base-to-emitter 
resistance (R BE ) = 100 £2 






0.2 a 

1 

■ 

150 

- 

B 

With base open 






m 


D 

140 

- 

V 

Base-to- Emitter Voltage 

< 

CD 

m 


4 



EH 



- 

2.2 

bqh 

Collector-to-Emitter Saturation 
Voltage 

V CE (sat) 





8 a 

16 a 


0.8 

3.2 

- 

1.4 

4 

V 

Second-Breakdown Collector 

Current : 

With base forward-biased and 

1-s nonrepetitive pulse 


1 


1 


1 

1 

1 

■ 


■ 

Second-Breakdown Energy : 

With base reverse-biased and 

L = 40 mH, R BE = 100 £2 

E S/b c 




-1.5 

■ 

1 

1 


- 

■ 

Magnitude of Common-Emitter, 
Small-Signal, Short-Circuit, 
Forward-Current Transfer 

Ratio ( f = 50 kHz) 

1 h fel 


4 



1 



4 

- 


Common-Emitter, Small-Signal, 
Short-Circuit, Forward-Current 
Transfer Ratio (f = 1 kHz) 


■ 

B 

1 

■ 

H 

1 

1 


- 

HI 

Thermal Resistance ; 

Junction-to-Case 

R 0JC 








- 

1.17 

°c/w 


a Pulsed; pulse duration = 300 ps, rep. rate = 60 Hz, duty factor < 2%. 

b lg/b is defined as the current at which second breakdown occurs at a specified collector voltage with the emitter-base junction 
forward-biased for transistor operation in the active region. 

c Eg/b is defined as the energy at which second breakdown occurs under specified reverse-bias conditions. Eg/b = 1/2LI^ where 
L is a series load or leakage inductance and I is the peak collector current. 
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TERMINAL CONNECTIONS 

Pin 1 — Base 
Pin 2 — Emitter 
Case — Collector 
Mounting Flange — Collector 











File No. 651 


Power Transistors 


TOQB//0 

Solid State 
Division 


RCA1A01— RCA1A11 
RCA1A15-RCA1A19 



Silicon Transistors for 
Audio-Frequency 
Linear-Amplifier Applications 


N-P-N TYPES 

RCA1A01 RCA1A11 
RCA1A03 RCA1A15 
RCA1A06 RCA1A17 
RCA1A07 RCA1A18 
RCA1A09 


P-N-P TYPES 

RCA1A02 RCA1A10 
RCA1A04 RCA1A16 
RCA1A05 RCA1A19 
RCA1A08 


"RCA1 A-Series" n-p-n and p-n-p silicon transistors are es- 
pecially characterized for audio-amplifier applications. They 
are particularly useful as input devices, Vgg multipliers for 
biasing, current sources, load-line-limiting (protection) circuits, 
predrivers, and in some instances as complementary drivers. 
Other applications for these devices include audio power 
amplifiers, linear modulators, servo amplifiers, and opera- 
tional amplifiers. The units are supplied in the JEDEC TO-39 
package. 


TERMINAL CONNECTIONS 

Lead 1 — Emitter 

Lead 2 - Base 

Lead 3 — Collector, Case 



92CS- 21992 


Fig. 1— Derating curve for all types. 
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RCA1A01-RCA1A11, RCA1A15— RCA1A19 


File No. 651 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE V CBQ 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open 

With external base-to-emitter resist- 
ance (R BE ) = 100 ft 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT 

BASE CURRENT 

TRANSISTOR DISSIPATION: P T 

At case temperatures up to 25°C 5 7 

At case temperatures above 25°C ** 

TEMPERATURE RANGE: 


95 

-95 

-75 

75 

50 

-50 

V 

- 


- 

- 

40 

-40 

V 

95 

-95 

-75 

75 

50* 

— 50 A 

V 

4 

-4 

-4 

4 

3 

-5 

V 

2 

-2 

-1 

1 

1 

-1 

A 

1 

-1 

-0.5 

0.5 

0.05 

-0.05 

A 

10 

10 

5 

5 

5 

7 

W 


See Fig. 1 


RCA1A01 RCA1A02 RCA1A03 RCA1A04 RCA1A05 RCA1A06 RCA1A07 RCA1A08 

V C EO 70 " 50 

V CER 

V EBO 4 ~ 4 

•c 1 - 1 

I B 0.5 -0.5 


Storage & Operating (Junction) —65 to +200 ► °C 

PIN TEMPERATURE (During Soldering): 

At distances > 1/32 in. (0.8 mm) 

from case for 10 s max ** 230 ► °C 


*R BE = 10 ft 
a R be = 300 ft 


MAXIMUM RATINGS, Absolute-Maximum Values: 

RCA1A09 

RCA1A10 

RCA1A11 

RCA1A15 

RCA1A16 RCA1A17 

RCA1A18 RCA1A19 


COLLECTOR-TO-EMITTER VOLTAGE: 
With base open 

• • v CEO 

175 

-175 

175 

100 

-100 

90 

10 

-10 

V 

EMITTER-TO-BASE VOLTAGE 

• • V E80 

6 

-6 

6 

5 

-5 

4 

4 

-4 

V 

COLLECTOR CURRENT 

l c 

1 

-1 

1 

1 

-1 

1 

1 

-1 

A 

BASE CURRENT 

• ■ 'b 

0.5 

-0.5 

0.5 

0.5 

-0.1 

0.5 

0.5 

-0.5 

A 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

P T 

10 

10 

10 

10 

10 

5 

7 

7 

W 


At case temperatures above 25°C M See Fig. 1 ► 

TEMPERATURE RANGE: 

Storage & Operating (Junction) —65 to +200 ? °C 

PIN TEMPERATURE (During Soldering): 

At distances > 1/32 in. (0.8 mm) 
from case for 10 s max. 


230 


>C 



File No. 651 


RCA1A01 -RCA1 A1 1 , RCA1 A1 5-RCA1 A1 9 


Type RCA1A01 
Package: JEDECTO-39 
Construction: Silicon n-p-n, planar 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) — 25° C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector Cutoff Current: 

With base open 

'CEO 

V ce = 60V,I b =0 

_ 

1 

juA 

Emitter Cutoff Current: 

With collector open 

*EB0 

V EB = 4V,I c = 0 

- 

1 

mA 

Collector-to-Emitter Voltage: 

With base open 

v CEO 

1 c = 100 m A 

70 

- 

V 

Gain Bandwidth Product 

*T 

V C e = 4V Jc = 5 ° mA 

120 

- 

MHz 

DC Forward-Current Transfer Ratio 

hFE 

l c = 10mA, V ce = 4V 

40 

200 


Collector-to-Emitter Saturation Voltage 

V CE (sat) 

Iq = 150 mA, l B = 15 mA 

- 

1.4 

V 

Base-to-Emitter Voltage 

v B e 

l c = 10mA,V CE = 4V 

- 

1 

V 


For characteristics curves and test conditions, refer to published data for prototype 2N2102 (File 106). 


Type RCA1A02 

Package: JEDECTO-39 

Construction: Silicon p-n-p, epitaxial planar 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C Unless Otherwise Specif ied 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector Cutoff Current: 

With base open 

! CEO 

V CE = -40 V, l B = 0 

- 

-1 

ma 

Emitter Cutoff Current: 

With collector open 

■ebo 

V EB = -4V,I C = 0 

- 

-1 

mA 

Collector-to-Emitter Voltage: 

With base open 

v CEO 

l c = -0.1 A 

-50 

- 

V 

Gain Bandwidth Product 

f T 

Vce = — 4 V, lc = —50 mA 

60 

- 

MHz 

DC Forward-Current Transfer Ratio 

h FE 

l C = —0.1 mA, V CE = -10V 

30 

200 


Base-to-Emitter Voltage 

Vbe 

l C = —0.1 mA, V CE = -10V 

— 

-0.8 

V 


For characteristics curves and test conditions, r^fer to published data for prototype 2N4036 (File 216). 
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RCA1A01-RCA1A11, RCA1 A15-RCA1 A19 


File No. 651 


Type RCA1A03 
Package: JEDEC TO-39 
Construction: Silicon n-p-n, planar 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 




Wm 

Collector Cutoff Current: 

With external base-to -emitter resistance (Rbe) 

ICER 

VCE = 85 V, Rbe = 100ft 

■ 

m 

m 

Emitter Cutoff Current: 

With collector open 

>EBO 

VEB“4V, l C -0 

■ 

m 

i&a 

Collector-to-Emitter Voltage: 

With external base-to-emitter resistance (Rbe) 

VCER 

ic = o.i a, rbe = iooft 

H 


B 

Gain Bandwidth Product 

fT 

lc = 0.1 A, Vce = 4 V 

50 

- 


DC Forward-Current Transfer Ratio 

hFE 

l C = 300 mA, Vce = 4V 

mm 



Collector-to-Emitter Saturation Voltage 

VcE(sat) 

1C = 300 mA, Ib = 30 mA 

- 

0.8 

V 

Base-to-Emitter Voltage 

v B e 

lC = 300 mA, Vce = 4V 

- 

1.4 

V 

Second-Breakdown Collector Current: 

With base forward biased 

'S/b 

Vce = 50 v, t = o.4 s 


- 



For characteristics curves and test conditions, refer to published data for prototype 2N5320 (File 325). 


Type RCA1A04 

Package: JEDEC TO-39 

Construction: Silicon p-n-p, epitaxial-planar 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector Cutoff Current: 

With external base-to-emitter resistance (Rbe) 

'CER 

vce = -85 v, r B e = iooft 


-10 

AtA 

Emitter Cutoff Current: 

With collector open 

• ebo 

Veb = 4V, l C = 0 

_ 

-0.1 

mA 

Collector-to-Emitter Voltage: 

With external base-to-emitter resistance (Rbe) 

VCER 

ic = -o.i a, r B e ~ iooft 

-95 

_ 

V 

Gain Bandwidth Product 

fT 

l C = —0.1 A, V C E = —4 V 

50 

- 

MHz 

DC Forward-Current Transfer Ratio 

hFE 

l C = —300 mA, Vce = — 4 V 

70 

300 


Collector-to-Emitter Saturation Voltage 

Vce (sat) 

lC = —300 mA, 1 b = —30 mA 

- 

-0.8 

V 

Base-to-Emitter Voltage 

VbE 

l C = -300mA,V C E = -4V 

- 

-1.4 

V | 

Second-Breakdown Collector Current: 

With base forward biased 

'S/b 

Vce = -35 V, t = 0.4 s 

-0.285 

- 

A 


For characteristics curves and test conditions, refer to published data for prototype 2N5322 (File 325). 
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RCA1A01 -RCA1 A1 1 f RCA1 A1 5-RCA1 A1 9 


Type RCA1A05 

Package: JEDEC TO-39 

Construction: Silicon p-n-p epitaxial planar 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector Cutoff Current: 

With external base-to-emitter resistance (R BE ) 

'CER 

V ce = -65V,R be = 100ft 


-10 

juA 

Emitter Cutoff Current: 

With collector open 

'ebo 

Veb-- 4V <'c = 0 

- 

-0.1 

mA 

Collector-to-Emitter Voltage: 

With external base-to-emitter resistance (R BE ) 

V CER 

Iq = —0. 1 A, Rg E = 10012 

-75 

- 

V 

Gain Bandwidth Product 

f T 

l C = —50 mA, V CE = — 4 V 

60 


MHz 

DC Forward-Current Transfer Ratio 

h FE 

l c = — 150 mA, V CE = — 4 V 

50 

250 


Collector-to-Emitter Saturation Voltage 

V CE (sat) 

Iq = — 150 mA, l B = — 15 mA 

- 

-0.8 

V 

Base-to-Emitter Voltage 

V BE 

l c = — 150 mA, V CE = — 4 V 

- 

-1.4 

V 

Second-Breakdown Collector Current: 

With base forward biased 

! S/b 

V CE =-65 V,t = 0.4 s 

-0.1 

- 

A 


For characteristics curves and test conditions, refer to published data for prototype 2N4036 (File 216). 


Type RCA1A06 
Package: JEDEC TO-39 
Construction: Silicon n-p-n, planar 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector Cutoff Current: 

With external base-to-emitter resistance (R BE ) 

'CER 

V CE = 65V, R be = 10017 

_ 

10 

pA 

Emitter Cutoff Current: 

With collector open 

•ebo 

o 

ii 

_o 

> 

'3- 

II 

CO 

LU 

> 

- 

0.1 

mA 

Collector-to-Emitter Voltage: 

With external base-to-emitter resistance (R BE ) 

V CER 

l c = 100 mA, R be = 10012 

75 

- 

V 

Gain Bandwidth Product 

f T 

Iq = 50 mA, Vqe = 4 V 

120 

- 

MHz 

DC Forward-Current Transfer Ratio 

hFE 

l c = 150 mA, V CE = 4V 

50 

250 


Collector-to-Emitter Saturation Voltage 

V CE (sat) 

Iq = 150 mA, l B = 15 mA 

- 

0.8 

V 

Base-to-Emitter Voltage 

LU 

CO 

> 

l c = 150 mA, V CE = 4V 

- 

1.4 

V 

Second-Breakdown Collector Current: 

With base forward biased 

■s/b 

V CE = 65V, t = 0.4 s 

0.077 

- 

A 


For characteristics curves and test conditions, refer to published data for prototype 2N2102 (File 106). 
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RCA1A01— RCA1A11, RCA1A15— RCA1A19 File No. 651 


Type RCA1A07 
Package: JEDEC TO-39 
Construction: Silicon n-p-n, planar 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector Cutoff Current: 

With base open 

'CEO 

V CE = 40 V 


10 

JiA 

Emitter Cutoff Current: 

With collector open 

'ebo 

V EB = 3 V, l c = 0 

- 

0.1 

mA 

ColleCtor-to-Emitter Voltage: 

With base open 

v CEO 

l c = 100 mA 

40 

- 

V 

Collector-to-Emitter Voltage: 

With external base-to-emitter resistance (R BE ) 

V CER 

l c = 100 mA, R BE = 10ft 

50 . 

- 

V 

Gain Bandwidth Product 

*T 

V CE = 10 V, l c = 50 mA 

120 

- 

MHz 

DC Forward-Current Transfer Ratio 

h FE 

l c = 3mA,V CE = 10V 

50 

250 


Collector-to-Emitter Saturation Voltage 

V CE (sat) 

Iq = 20mA, lg = 1 mA 

- 

1 

V 

Base-to-Emitter Saturation Voltage 

V BE (sat) 

Iq = 20 mA, lg = 1 mA 

- 

1.3 

V 


For characteristics curves and test conditions, refer to published data for prototype 2N2102 (File 106). 


Type RCA1A08 

Package: JEDEC TO-39 

Construction: Silicon p-n-p, epitaxial planar 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector Cutoff Current: 

With external base-to-emitter-resistance 

'CER 

V CE = -40 V, R be = 330ft 


-10 

pA 

Emitter Cutoff Current: 

With collector open 

•ebo 

V EB = — 5 V 

_ 

-0.1 

mA 

Collector-to-Emitter Voltage: 

With base open 

v CEO 

l c = -100 mA, l B = 0 

-40 

_ 

V 

Collector-to-Emitter Voltage: 

With external base-to-emitter resistance (R BE ) 

V CER 

l c = -100 mA,R BE = 330ft 

-50 

- 

V 

Gain Bandwidth Product 

f T 

Vce = — 10 V, Iq = —5° mA 

60 

- 

MHz 

DC Forward-Current Transfer Ratio 

h FE 

l c = —50 mA, V CE = — 1.5 V 

70 

250 


Collector-to-Emitter Saturation Voltage 

VcE<sat) 

*C = — mA, l B = — 5 mA 

- 

-1.4 

V 

Base-to- Emitter Saturation Voltage 

V BE (sat) 

Iq = — 100 mA, lg = — 5 mA 

- 

-1.4 

V 

Second-Breakdown Collector Current: 

With base forward biased 

•s/b 

V CE = -35 V, t = 0.05 s 

-0.12 

- 

A 


For characteristics curves and test conditions, refer to published data for prototype 2N4036 (File 216). 
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File No. 651 


RCA1A01— RCA1A11, RCA1A15— RCA1A19 


Type RCA1A09 
Package: JEDECTO-39 
Construction: Silicon n-p-n, epitaxial 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) =25°C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector Cutoff Current: 

With base open 

'CEO 

V ce = 90V. I b = 0 

- 

10 

pA 

Emitter Cutoff Current: 

With collector open 

'ebo 

V EB = 6V,l c = ° 

- 

100 

ixA 

Collector-to-Emitter Voltage: 
With base open 

v CEO 

1 q = 1 0 m A, 1 g = 0 

175 

- 

V 

Gain Bandwidth Product 

f T 

l c = 10 mA, V CE = 10 V 

15 

- 

MHz 

DC Forward-Current Transfer 

Ratio 

h FE 

l c = 10 mA, V CE = 10 V 

20 

100 


Collector-to-Emitter Saturation 
Voltage 

V CE (sat) 

Iq = 50 mA, 1 g = 4 mA 

- 

0.5 

V 

Base-to-Emitter Voltage 

V BE 

l c = 10 mA, V CE = 10 V 

- 

0.9 

V 

Second-Breakdown Collector 

Current: 

With base forward biased 

's/b 

V CE = 150 V, t - 1 s 

0.065 

- 

A 


For characteristics curves and test conditions, refer to published data for prototype 2N3439 (File 64). 


Type RCA1A10 
Package: JED EC TO-39 
Construction: Silicon p-n-p 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) =25°C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector Cutoff Current: 

With base open 

'CEO 

Vce = —120 V, lg = 0 

- 

-10 

juA 

Emitter Cutoff Current: 

With collector open 

'ebo 

V EB = -6V,I C = 0 

- 

-100 

juA 

Collector-to-Emitter Voltage: 
With base open 

V CEO 

Iq = —10 mA, 1 g = 0 

-175 

- 

V 

Gain Bandwidth Product 

f T 

|C= -10 mA, Vce = —10 V 

15 

- 

MHz 

DC Forward-Current Transfer 

Ratio 

hFE 

l c = -10 mA, V CE = -10 V 

40 

250 


Collector-to-Emitter Saturation 
Voltage 

VQ E (sat) 

lc = —10 mA, lg = -1 mA 

- 

-2 

V 

Base-to-Emitter Voltage 

V BE 

l c = -10 mA, V CE = -10 V 

- 

-0.8 

V 

Second-Breakdown Collector 

Current: 

With base forward biased 

'S/b 

V CE = -150 V, t = 1 s 

-0.04 

- 

A 


For characteristics curves and test conditions, refer to published data for prototype 2N5415 (File 336). 


485 





RCA1A01— RCA1A11, RCA1A15— RCA1 A19 


File No. 651 


Type RCA1A11 
Package: JED EC TO-39 
Construction: Silicon n-p-n, epitaxial 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 



MIN. 


Collector Cutoff Current: 

With base open 

'CEO 

V CE =90 V, l B = 0 

- 

10 

in 

Emitter Cutoff Current: 

With collector open 

'ebo 

V EB = 6V,I C = 0 

- 


pA 

Collector-to-Emitter Voltage: 
With base open 

v CEO 

Iq = 10 mA, 1 g = 0 

175 

- 


Gain Bandwidth Product 

*T 

l c = 10 mA, V CE = 10 V 

15 

- 


DC Forward-Current Transfer 

Ratio 

h FE 

l c = 1 mA, V CE = 10 V 

40 



Base-to-Emitter Voltage 

< 

CD 

m 

l c = 1 mA, V CE = 10 V 

0.5 

0.7 

V 


For characteristics curves and test conditions, refer to published data for prototype 2N3439 (File 64). 


Type RCA1A15 
Package: JEDEC TO-39 
Construction: Silicon n-p-n, epitaxial 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector Cutoff Current: 

With base open 

'CEO 

VcE = 90 V 


10 

pA 

Emitter Cutoff Current: 

With collector open 

'EBO 

VEB = 5V, l C = 0 

_ 

1 

mA 

Collector-to-Emitter Voltage: 

With base open 

VCEO 

1C = 10 mA, lg = 0 

100 

_ 

V 

Gain Bandwidth Product 

fT 

Vce= 10 V, Iq = 10 mA 

15 

- 

MHz 

DC Forward-Current Transfer Ratio 

hFE 

IC= 10 mA. VcE = 10 V 

20 

100 


Collector-to-Emitter Saturation Voltage 

VcE(sat) 

1C = 10 mA, lg = 1 mA 

- 

1 

V 

Base-to-Emitter Voltage 

VBE 

IC= 10 mA, VcE= 10 V 

- 

1 

V 

Second-Breakdown Collector Current: 

With base forward biased 

'S/b 

VcE = 50 V, t = 0.4 s 

0.2 

— J 

A 


For characteristics curves and test conditions, refer to published data for prototype 2N3440 (File 64). 








File No. 651 


RC A1 A01 -RC A1 A1 1 , RC A1 A1 5-RCA1 A13 


Type RCA1A16 
Package: JEDEC TO-39 
Construction: Silicon p-n-p, epitaxial 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector Cutoff Current: 

With base open 

ICEO 

VCE = -90 V 


-10 

pA 

Emitter Cutoff Current: 

With collector open 

lEBO 

Veb = -5V,I C = 0 

_ 

-1 

mA 

Co llector-to- Emitter Voltage: 

With base open 

VCEO 

|q = _io mA, Ib = 0 

-100 

_ 

V 

Gain Bandwidth Product 

fT 

V C E - — 10 V, lc = “10 mA 

15 

- 

MHz 

DC Forward-Current Transfer Ratio 

hFE 

1C = -10 mA, Vce = -10 V 

40 

250 


Collector-to-Emitter Saturation Voltage 

VcE(sat) 

1C = -10 mA, Ib = -1 mA 

- 

-1 

V 

Base-to-Emitter Voltage 

V B E 

1C = —10 mA, Vce = —io V 


-1 

V 

Second-Breakdown Collector Current: 

With base forward biased 

'S/b 

vce = -50 v, t = o.4 s 

-0.2 

- 

A 


For characteristics curves and test conditions, refer to published data for prototype 2N5416 (File 336). 


Type RCA1A17 
Package: JEDEC TO-39 
Construction: Silicon n-p-n, planar 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 



Collector Cutoff Current: 

With base open 

'CEO 

vce = 8ov, >B = ° 




Emitter Cutoff Current: 

With collector open 

«EBO 

Veb= 4V, l C = 0 

_ 

1 


Collector-to-Emitter Voltage: 

With base open 

VCEO 

Iq = 100 mA, lg - 0 


_ 


Gain Bandwidth Product 

IT 

VcE = 4 V, lc = 50 mA 

120 

B£H 

■M 

DC Forward-Current Transfer Ratio 

hFE 

lc= 10 mA, Vce =4V 

40 

HEI2H 

H H 

Collector-to-Emitter Saturation Voltage 

VcE(sat) 

lc = 150 mA, Ib = 15 mA 

- 

1.4 

HUH 

Base-to-Emitter Voltage 

v B e 

ic = 10 mA, Vce = 4 V 

- 

_Lj 

mm 


For characteristics curves and test conditions, refer to published data for prototype 2N2102 (File 106). 
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RCA1A01-RCA1A11, RCA1 A15-RCA1 A19 


File No. 651 


Type RCA1A18 
Package: JEDEC TO-39 
Construction: Silicon n-p-n, planar 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 


MIN. 


Collector Cutoff Current: 

With base open 

•CEO 

VCE = 5 V, Ib = 0 



Hi 

Emitter Cutoff Current: 

With collector open 

•ebo 

VEB = 4V, l C = 0 

_ 


1HB 

Collector-to-Emitter Voltage: 

With base open 

VCEO 

1C = 10 mA, Ib = 0 

10 

_ 

n 

Gain Bandwidth Product 

fT 

1C = 50 mA, VcE = 4V 

120 

- 


DC Forward-Current Transfer Ratio 

hFE 

In = 10 mA, Vn.F = 4 V 

40 

250 


Collector-to-Emitter Saturation Voltage 

VcE(sat) 

Iq = 10 mA, I3 = 0.5 mA 

- 

1 

V 

Base-to-Emitter Voltage 

Vbe 

1C = 10 mA, VcE = 4 v 

- 

0.78 

V 


For characteristics curves and test conditions, refer to published data for prototype 2N2102 (File 106). 


Type RCA1A19 

Package: JEDEC TO-39 

Construction: Silicon p-n-p, epitaxial planar 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

test conditions 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector Cutoff Current: 

With base open 

'CEO 

VcE = -5V. I B = 0 


-10 

pA 

Emitter Cutoff Current: 

With collector open 

'EBO 

Veb = “ 4 V, lc = 0 

_ 

-1 

mA 

Collector-to-Emitter Voltage 

With base open 

VCEO 

1C = — 10 mA, l B = 0 

-10 

_ 

V 

Gain Bandwidth Product 

fT 

IC = -50 mA, Vce = -4V 

60 

- 

MHz 

DC Forward-Current Transfer Ratio 

hFE 

• C = —10 mA, VcE = — 4 V 

40 

250 


Collector-to-Emitter Saturation Voltage 

VcE(sat) 

1C = — 10 mA, l B = -0.5 mA 

- 

-1 

V 

Base-to-Emitter Voltage 

vbe 

1C = -10 mA, Vqe = ~ 4 V 1 

- 

-0.78 

i 

V 


For characteristics curves and test conditions, refer to published data for prototype 2N4036 (File 216). 
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File No. 647 


□UQBZ7D 

Solid State 
Division 


Power Transistors 
RCA1B01 



Silicon Transistor for 
70-Watt 

Quasi-Complementary-Symmetry 

Audio Amplifiers 

with 

Hometaxial-Base Output Transistors 


RCA1B01 is an n-p-n hometaxial-base silicon transistor 
in a JEDEC TO-3 package. This device is particularly suitable 
for audio-output use, and can be driven by either the 
RCA1A03 n-p-n or RCA1A04 p-n-p transistor. 

The 70-watt amplifier shown in Figs. 1 and 5 uses the 


RCA1B01 in conjunction with seven TO-39 transistors, 
eleven diodes, and an 84-volt split power supply. The amplifier 
output is directly coupled to an 8-ohm speaker. This amplifier 
is most useful for instrumentation applications where rugged- 
ness and raw power are essential. 



9?CS -21991 


Fig. 1— Block diagram and transistor complement for 70-watt quasi-complementary- 
symmetry audio amplifier with hometaxial-base output transistors. 


9-74 
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RCA1B01 


File No. 647 


MAXIMUM RATINGS, Absolute-Maximum Values: 

VcBO 

RCA1B01 

95 

V 

COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-to-emitter resistance (RbE^ = '•00^ 

V CER 

v EBO 

95 

7 

V 

V 



15 

A 

dace pi IPRPMT 

Ib 

7 

A 

TRANSISTOR DISSIPATION: 

Pt 

115 

W 



See Fig. 2 


TEMPERATURE RANGE: 

Storage & Operating (Junction) , , , 


-65 to 200 

°C 

PIN TEMPERATURE (During Soldering) : 

At distances > 1/32 in. (0.8 mm) from case for 10 s max 


230 

°C 



Fig.2— Derating curves for all types. Fig. 3— Thermal-cycling ratings for RCA 1B01. 



Fig.4— Maximum operating areas for RCA1B01. 
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File No. 647 


RCA1B01 


TYPE 



92CS-2I994RI 


NOTES: 

1. T: Signal 56-4 (Signal Transformer Co., 1 Junius St., Brooklyn, N.Y. 1 1212), or equivalent. 

2. Resistors are 1/2-watt unless otherwise specified; values are in ohms. 

3. Capacitances are in n F unless otherwise specified. 

4. Non-inductive resistors. 

5. Provide approx. 1°C/W heat sinking per output device based on mounging with mica washer 
and ZnO thermal compound (Dow Corning No. 340, or equivalent) with T^ = 45°C max. 

6. Mount on heat sink, Wakefield No. 209-AB, or equivalent. (Alternatively, this type may be 
obtained with a factory-attached integral heat sink.) 


Fig. 5— 70-Watt amplifier circuit featuring quasi-complementary-symmetry output employing hometaxial-base output transistors. 
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RCA1B01 


File No. 647 


TYPICAL PERFORMANCE DATA 
For 70-Watt Audio Amplifier 


Measured at a line voltage of 120 V, Ta = 

Power: 

Rated power (8-ft load, at rated distortion) 

Typical power (4-ft load) 

Typical power (16-ft load) 

Music power (8-0 load, at 5% T11D with 

regulated supply) 

Dynamic power (8-0 load, at 1 % THD with 

regulated supply) 

Total Harmonic Distortion: 

Rated distortion 


?5°C, and a frequency of 1 kHz, unless otherwise specified. 
1M Distortion: *• 

70 W 1 0 dB below continuous power output at 
100 W 60 Hz and 7 kHz (4:1) 

^ ^ Sensitivity: 

100W At continuous power-output rating 

Hum and Noise: 

88 W Below continuous power output: 

Input shorted 

Input open 

1.0% Input Resistance 


0 . 1 % 


700 mV 

85 dB 
80 dB 

20 k ft 




10 20 50 100 200 500 IK 2K 5K I0K 20K 50K IOOK 


Fig.6— Distortion vs. power output. 


Fig. 7— Response curve. 


Type RCA1B01 

Package: JED EC TO-3 

Construction: Silicon n-p-n, hometaxial base 


ELECTRICAL CHARACTERISTICS, A t Case Temperature (Tq) - 25° C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 



Emm 


Collector Cutoff Current: 

With external base-to-emitter resistance (Rbe) 

ICER 

Vce = 85 V, R B E = 100n 

■ 



Emitter Cutoff Current: 

With collector open 

lEBO 

Veb = 4V, l C = 0 

1 

i 

mA 

Collector-to-Emitter Voltage: 

With external base-to-emitter resistance (Rbe) 

VCER 

IC = 0.2A. RbE = 100ft 


_ 


Gain Bandwidth Product 

*T 

VcE = 4V, lc = 1 A 

0.8 

- 


DC Forward-Current Transfer Ratio 

hFE 

1C = 4 A, Vqe = 4 V 

20 

70 

■ 

Collector-to-Emitter Saturation Voltage 

VcE(sat) 

1C = 4 A, Ib = 0.4 A 

■ - 

1 


Base-to-Emitter Voltage 

Vbe 

IC = 4A,Vce=4V 

- 

1.4 


Second-Breakdown Collector Current: 

With base forward biased 

•S/b 

VcE = 60 V,t = 1 s 

1.95 

- 



For characteristics curves and test conditions, refer to published data for prototype 2N3055 (File 524). 


TERMINAL CONNECTIONS FOR TYPE RCA1B01 


Pin 1 — Base 
Pin 2 — Emitter 
Case — Collector 
Mounting Flange — Collector 
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File No. 649 



Solid State 
Division 


Power Transistors 
RCA1B04 



Silicon Transistor for 
120-Watt 

Quasi-Complementary-Symmetry 

Audio Amplifiers 

with 

Parallel Output Transistors 


RCA1B04 is an n-p-n silicon pi-nu transistor in a JEDEC TO-3 
package. This device is especially characterized for audio 
applications, and can be driven by RCA1C12 and RCA1C13 
transistors. 

The 120-watt amplifier circuit in Figs. 1 and 5 uses the 
RCA1 B04 in conjunction with eleven other discrete transistors. 


twelve diodes, and a 130-volt split power supply. The amplifier 
output is directly coupled to an 8-ohm speaker. This RCA 
120-watt audio amplifier is especially designed for top-of-the- 
line quadrasonic use in applications requiring V 2 kW of quadra- 
sonic sound with excellent tonal quality. 



92CM-22023 


Fig. 1— Block diagram and transistor complement for 120-watt quasi-complementary-symmetry audio amplifier with 
parallel output transistors. 


9-74 
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RCA1B04 


File No. 649 


MAXIMUM RATI NGS, Absolute-Maximum Values:. 

COLLECTOR-TO-BASE VOLTAGE V CB0 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open v CEO 

With external base-to-emitter resistance (R BE ) = 100 £2 . . . V^gp 

EM I TTER-TO-BASE VOLTAGE V EB0 

COLLECTOR CURRENT I c 

BASE CURRENT I B 

TRANSISTOR DISSIPATION: P T 

At case temperatures up to 25°C 

At case temperatures above 25°C 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

PIN TEMPERATURE (During Soldering): 


At distances > 1/32 in. (0.8 mm) from case for 10 s max. . . 


RCA1B04 

225 V 

200 V 

225 V 

5 V 

7 A 

2 A 

150 W 

See Fig. 2 

-65 to 200 °C 

230 °C 




Fig. 2 — Derating curves for all types. 


Fig. 3— Thermal-cycling ratings for RCA 1B04. 



92CS- 22024 


Fig. 4— Maximum operating areas for RCA 1B04. 
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File IMo. 649 


RCA1B04 



Fig. 5—120-watt amplifier circuit featuring quasi-complementary-symmetry with parallel output transistors. 


NOTES FOR FIG. 5: 

1. D1-D8- 1N5391; D9-D10 - 1N914; D1 1-D12 - 1N5393. 

2. Resistors are 1 /2-watt, ± 10% unless otherwise specified; 
values are in ohms. 

3. Capacitances are in (iF unless otherwise specified. 

4. Non-inductive resistors. 

5. Provide approx. 1 °C/W heat sinking per output device 
based on mounting with mica washer and ZnO thermal 
compound (Dow Corning No. 340, or equivalent) with 
T a = 45°C max. 

6. Mount on heat sink, Wakefield No. 209-AB, or equivalent. 
(Alternatively, this type may be obtained with a factory- 
attached integral heat sink.) 

7. Attach heat sink cap (Wakefield No. 260-6SH5E, or equivalent 1 .) 
on device and mount on same heat sink with output transistor. 


sw 



92CS- 22027RI 

NOTES FOR FIG. 6: 

1. 90°C thermal cutout attached to heat sink 
for output transistors. 

2. Power transformer: Signal 88-6 (Signal Trans- 
former Co., 1 Junius St., Brooklyn, N.Y. 1 1212), 
or equivalent. 

Fig. 6— Power supply for 120-watt audio amplifier. 
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RCA1B04 


File No. 649 


TYPICAL PERFORMANCE DATA 
For 120*Watt Audio Amplifier 

Measured at a line voltage of 120 V, T A = 25° C, and a frequency of 1 kHz, unless otherwise specified. 


Power: 

Rated power (8-12 load, at rated 

distortion) 120W 

Typical power (4-12 load) 180 W 

Typical power (16-12 load) 80 W 

Total Harmonic Distortion: 

Rated distortion 0.5% 

IM Distortion: 

10 dB below continuous power output 

at 60 Hz and 7 kHz (4: 1) 0.2% 


1HF Power Bandwidth: 

3 dB below rated continuous power at 

rated distortion 5 Hz to 50 kHz 

Sensitivity: 

At continuous power output rating 900 mV 

Hum and Noise: 

Below continuous power output: 

Input shorted 104 dB 

Input open 88 dB 

With 2 k!2 resistance on 20-ft. cable 

on input 104 dB 

Input Resistance 18kl2 


N— PER CENT 

- 5 

, iv 4 0) 00 

LINE VOLTAGE (V LINE ) = 120 Vac 









_ 

_ 
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Fig. 7— Typical total harmonic distortion vs. power output for 
single channel <8 ft), and both channels driven at 1 kHz. 


Fig. 8— Typical total harmonic distortion vs. frequency 
for 60-watt output. 
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File No. 649 _RCA1B04 

Type RCA1B04 
Package: JED EC TO-3 

Construction: Silicon n-p-n, multiple-epitaxial, pi-nu 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector Cutoff Current: 

With external base-to-emitter 
resistance (R BE ) 

*CER 

V CE = 120 V, R be = 100 ft 

- 

1 

mA 

Emitter Cutoff Current: 

With collector open 

•ebo 

V EB = 5V,I B = 0 


1 

mA 

Collector-to-Emitter Voltage: 

With base open 

V CEO 

l C = 0.2 A, l B = 0 

200 

- 

V 

Collector-to-Emitter Voltage: 

With external base-to-emitter 
resistance (R BE ) 

V CER 

l c = 0.2 A, R be = 100 9. 

225 

- 

V 

Gain Bandwidth Product 

f T 

I c = 0.2 A, V CE = 10 V 

5 


MHz 

DC Forward-Current Transfer 
Ratio 

h FE 

l C = 2 A, V CE = 5 V 

15 

75 


Collector-to-Emitter Saturation 
Voltage 

V CE ( sa t) 

l c = 2 A, l B = 0.255 A 

- 

2 

V 

Base-to-Emitter Voltage 

< 

CD 

m 

l C = 2 A, V CE = 5 V 

1 

2 

V 

Second-Breakdown Collector 
Current: 

With base forward biased 

's/b 

V CE = 120 V,t = 1 s 

1.25 

- 

A 


For characteristics curves and test conditions, refer to published data for prototype 2N5239 (File 321). 


TERMINAL CONNECTIONS FOR TYPE RCA1B04 


Pin 1 — Base 
Pin 2 — Emitter 
Case — Collector 
Mounting Flange — Collector 
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File No. 650 



Solid State 
Division 


Power Transistors 
RCA1B05 



Silicon Transistor for 
200-Watt 

Quasi-Complementary-Symmetry 

Audio Amplifiers 

with 

Parallel Output Transistors 


RCA1B05 is a silicon n-p-n pi-nu transistor in a JEDEC TO-3 
package. This device is especially suitable for applications in 
audio-amplifier circuits, in which it may be used as either 
driver or output unit. 

The 200-watt amplifier shown in Figs. 1 and 5 uses eight 
RCA1 B05 transistors, two as drivers and six as parallel units in 


the amplifier output stages. These devices are employed in 
conjunction with eleven other discrete transistors, twelve 
diodes, and a 160-volt split power supply. The amplifier 
output is directly coupled to an 8-ohm speaker. This 200-watt 
audio amplifier is especially designed to feature ruggedness in 
combination with high power output and excellent high-fidelity 
performance. 



92CM- 22039 


Fig. 1— Block diagram and transistor complement for 200-watt quasi-complementary-symmetry audio amplifier with 
parallel output transistors. 
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File No. 650 


RCA1B05 


MAXIMUM RATINGS, Absolute-Maximum Values: 


COLLECTOR-TO-BASE VOLTAGE V CB0 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open ^CEO 

With external base-to-emitter resistance (R BE ) = 100 12 .... Vq EB 

EMITTER-TO-BASE VOLTAGE V EB0 

COLLECTOR CURRENT I C 

BASE CURRENT I B 

TRANSISTOR DISSIPATION: P T 

At case temperatures up to 25°C 

At case temperatures above 25°C 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

PIN TEMPERATURE (During Soldering): 


At distances > 1/32 in. (0.8 mm) from case for 10 s max. . 


RCA1B05 

275 

250 

275 

5 

7 

2 

150 

See Fig. 2 
-65 to 200 
230 


V 

V 

V 

V 
A 
A 

W 


°C 

°C 



92CS- 219 9 2 



92CS - 199 2 2 


Fig. 2— Derating curves for all types. 


Fig. 3— Thermal-cycling ratings for RCA 1B05. 



92CS - 2 204 0 


Fig. 4— Maximum operating areas for RCA 1B05. 
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RCA1B05 


File No. 650 



Fia. 5- 120-watt amplifier circuit featuring quasi-complementary-symmetry with parallel output transistors. 


NOTES FOR FIG. 5: 

1. D1-D8- 1N5391;D9-D12- 1N5393. 

2. Resistors are 1 /2-watt, ± 10% unless otherwise 
specified; values are in ohms. 

3. Capacitances are in (iF unless otherwise 
specified. 

4. Non-inductive resistors. 

5. T Provide approx. 1 °C/W heat sinking per 
output device based on mounting with 
mica washer and ZnO thermal compound 
(Dow Corning No. 340, or equivalent) 
with = 45°C max. 

6. Mount on heat sink, Wakefield No. 209-AB, 
or equivalent. (Alternatively, this type may 
be obtained with a factory-attached integral 
heat sink.) 

7. Attach heatsink cap (Wakefield No. 260-6SH5E, 
or equivalent) on device and mount on same 
heat sink with output transistor. 


sw 



92CS-22042RI 


NOTES: 

1 . 90°C thermal cutout attached to heat 
sink for output transistors. 

2. Power transformer: Signal 120-6(Signal 
Transformer Co., 1 Junius St., Brooklyn, 
N.Y. 11212), or equivalent. Use 125-volt 
primary tap. 

Fig. 6— Power supply for 120-watt audio amplifier. 
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File No. 650 


RCA1B05 


TYPICAL PERFORMANCE DATA 
For 200-Watt Audio Amplifier 

Measured at a line voltage of 120 V, = 25° C, and a frequency of 1 kHz, unless otherwise specified. 


Power: 

Rated power (8-£2 load, at rated 

distortion) 200 W 

Typical power (4-£2 load) 300 W 

Typical power (16-£2 load) 130W 

Total Harmonic Distortion: 

Rated distortion 0.5% 

IM Distortion: 

10 dB below continuous power output 

at 60 Hz and 7 kHz (4:1) 0.2% 


IHF Power Bandwidth: 

3 dB below rated continuous power at 

rated distortion 5 Hz to 35 kHz 

Sensitivity: 

At continuous power output rating 900 mV 

Hum and Noise: 

Below continuous power output: 

Input shorted 96 dB 

Input open 84 dB 

With 2 kT2 resistance on 20-ft. cable 

on input 94 dB 

Input Resistance 18kf2 
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: ig. 7— Typical total harmonic distortion vs. power output for single 
channel and both channels driven at 1 kHz. 


Fig. 8— Typical total harmonic distortion vs. frequency 
for 100-watt output. 
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RCA1B05 File No. 650 

Type RCA1B05 
Package: JED EC TO-3 

Construction: Silicon n-p-n, multiple-epitaxial, pi-nu 


ELECTRICAL CHARACTERISTICS. At Case Temperature (T c ) = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector Cutoff Current: 

With external base-to-cmitter 
resistance (R BE ) 

'CER 

V CE = 200 V, R BE = 100 12 

- 

1 

mA 

Emitter Cutoff Current: 

With collector open 

■ebo 

V EB = 50V.I C = 0 

- 

1 

mA 

Collector-to-Emitter Voltage: 
With base open 

v CEO 

Iq = 0.2 A, l B = 0 

250 

- 

V 

Collector-to-Emitter Voltage: 
With external base-to-emitter 
resistance (R BE ) 

V CER 

l c = 0.2A,R BE = 100 Q 

275 

- 

V 

Gain Bandwidth Product 

*T 

l c = 0.2 A, V CE = 10 V 

5 

- 

MHz 

DC Forward-Current Transfer 
Ratio 

h FE 

I C = 2A,V CE = 5V 

15 

75 


Collector-to-Emitter Saturation 
Voltage 

V CE (sat) 

l c = 2 A, l B = 0.255 A 

- 

2 

V 

Base-to-Emitter Voltage 

< 

00 

m 

l c = 2A, V CE = 5 V 

1 

2 

V 

Second-Breakdown Collector 
Current: 

With base forward biased 

's/b 

V CE = 140 V, t = 1 s 

1.07 

- 

A 


For characteristics curves and test conditions, refer to published data for prototype 2N5240 (File 321). 


TERMINAL CONNECTIONS RCA1B05 

Pin 1 - Base 
Pin 2 — Emitter 

Mounting Flange, Case — Collector 
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File No. 648 



Solid State 
Division 


Power Transistors 
RCA1B06 



Silicon Transistor for 
70-Watt 

Quasi-Complementary-Symmetry 

Audio Amplifiers 

with 

Pi-Nu Output Transistors 


RCA1 B06 is an n-p-n pi-nu silicon transistor in a JEDEC TO-3 
package. This device is especially characterized for audio- 
amplifier applications, and can be driven by either RCA1C03 
or RCA1C04, n-p-n and p-n-p types, respectively. 

The 70-watt amplifier shown in Figs. 1 and 5 uses the 


RCA1B06 output device in conjunction with eleven other 
discrete transistors, thirteen diodes, and a 90-volt split power 
supply. The amplifier output is directly coupled to an 8-ohm 
speaker. The high-frequency RCA1B06 output transistors used 
in the amplifier circuit produce excellent transient response at 
a high power level. 



92CM - 22013 


Fig. 1— Block diagram and transistor complement for 70-watt quasi-complementary- 
symmetry audio amplifier with pi-nu output transistors. 


9-74 
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RCA1B06 


File No. 648 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open 

With external base-to-emitter resistance (Rbe) = 100^ • • 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT 

BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25 C 

At case temperatures above 25 C 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

PIN TEMPERATURE (During Soldering) : 

At distances > 1/32 in. (0.8 mm) from case for 10 s max. 


V C BO 

V C EO 

VCER 

v EBO 

•c 

'B 

P T 


RCA1B06 


120 \ 

100 \ 

120 \ 

6 \ 

7 / 

2 I 

150 V 

See Fig. 2 

-65 to 200 °( 

230 °< 



Fig.2— Derating curves for all types. 


Fig. 3— Thermal-cycling ratings for RCA 1B06 



Fig. 4— Maximum operating areas for RCA IB 06. 



File No. 648 


RCA1B06 



NOTES:' 

1. 90°C thermal cutout attached to heat sink 
for output transistors. 

2. Power transformer: Signal 120-2 (parallel secondary). 

Signal Transformer Co., 1 Junius St., Brooklyn, N.Y. 11212, 
or equivalent. 

3. Resistors are 1 /2-watt unless otherwise specified; 
values are in ohms. 

4. Capacitances are in yu F unless otherwise specified. 

5. Non-inductive resistors. 

6. D1-D8, D11-1N5391 

D9, DIO, D12, D13-1N5393. 

7. Provide approx. 1°C/W heat sinking per output device 
based on mounting with mica washer and ZnO thermal 
compound (Dow Corning No. 340°) with T A = 45°C max. 

8. Mount on heat sink, Wakefield No. 209-AB, or equivalent. 
(Alternatively, this type may be obtained with a factory- 
attached integral heat sink.) 

9. Attach heat sink cap (Wakefield No. 260-6SH5E, 

or equivalent) on device and mount on same heat sink 
with output transistor. 



Fig.5— 70-Watt amplifier circuit featuring quasi-complementary-symmetry 
output employing pi-nu construction output transistors. 
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RCA1B06 


File No. 648 


TYPICAL PERFORMANCE DATA 
For 70-Watt Audio Amplifier 

Measured at a line voltage of 120 V, T ^ = 25° C, and a frequency of 1 kHz, unless otherwise specified. 


Power: 

Rated power (8-£2 load, at rated distortion ) .... 70 W 

Typical power (4-£2 load) 100 W 

Typical power (1 6-ft load) 50W 

Total Harmonic Distortion: 

Rated distortion 0.5% 

IM Distortion : 

1 0 dB below continuous power output at 

60 Hz and 7 kHz (4: 1) <0.2% 


IHF Power Bandwidth : 

3 dB below rated continuous power at 


rated distortion 5 Hz to 50 kHz 

Bandwidth at 1 W 5 Hz to 100 kHz 

Sensitivity : 

At continuous power-output rating 600 mV 

Hum and Noise : 

Below continuous power output: 

Input shorted 100 dB 

Input open 85 dB 

With 2 k£2 resistance on 20-ft. 

cable on input 97 dB 

Input Resistance 1 8 kfl 



92CS-220I7 

Fig.6— Typical total harmonic distortion vs. power output at 1 kHz. 
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Fig. 7- Typical total harmonic distortion vs. frequency at 35 W. 


506 



File No. 791 



Solid State 
Division 


Power Transistors 

RCA1B07 

RCA1B08 


Silicon Transistors for 
40-Watt 

Full-Complementary-Symmetry 
Audio Amplifiers 
with 

Darlington Output Transistors 

RCA1B07 and RCA1B08 are n-p-n and p-n-p Darlington 
silicon transistors respectively. They are especially character- 
ized for use as output devices in audio applications, and are 
provided in the JEDEC TO-3 package. 

The 40-watt audio amplifiers shown in Figs. 5 and 6 use 
RCA1B07 and RCA1B08 transistors as output devices in 
conjunction with nine TO-39 discrete transistors, and ten 
diodes. The amplifier shown in Fig. 5 uses a 64-volt split 
power supply with the output directly coupled to an 8-ohm 
speaker. Fig. 6 shows an amplifier with a 58-volt split supply 
with the output directly coupled to a 4-ohm speaker. These 
40-watt Darlington full-complementary-symmetry amplifiers 
combine excellent performance with economy. 

0 25 50 75 100 125 150 175 200 

EFFECTIVE CASE TEMP. OR CASE TEMP. (T EF p OR T c > — ®C 

Fig. 1 -Derating curves for all types. 92CS - 21992 





Fig. 2— Block diagram and transistor complement for 40-watt full-complementary- 
symmetry audio amplifier with Darlington output transistors. 
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RCA1B07, RCA1B08 


File No. 791 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open 

With external base-to-emitter resistance (Rq^) = 100 SI . . 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT 

BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

PIN TEMPERATURE (During Soldering): 

At distances ^ 1/32 in. (0.8 mm) from case for 10 s max. 



RCA1B07 

RCA1B08 


V CBO 

80 

-80 

V 

V CEO 

80 

—80 

V 

V CER 

80 

-80 

V 

V EBO 

5 

-5 

V 

'c 

10 

-10 

A 

'b 

0.25 

-0.25 

A 

P T 





100 

100 

W 


See Fig. 1 




65 to 200 

°C 


230 — 


°C 


Type RCA1B07 Type RCA1B08* 

Package: JEDECTO-3 Package: JEDECTO-3 

Construction: Silicon n-p-n, Darlington Construction: Silicon p-n-p, Darlington 

ELECTRICAL CHARACTERISTICS, At Case Temperature ( T c ) = 25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS* 

LIMITS 

UNITS 

Min. 

22 ml 

Collector-to-Emitter Voltage: 

With base open 


l c = 200 mA, l B = 0 

m 

_ 

V 

DC Forward-Current Transfer Ratio 

hFE 

I C = 5A, V CE = 3 V 


15000 


Collector Cutoff Current: 

With base open 

| 

V ce = 80 V, I b = 0 
T C =150°C 

_ 

10 

mA 

Collector-to-Emitter Saturation Voltage 

IWiiBB 

Iq = 5 A, l B = 10 mA 

- 

2 

V 

Base-to-Emitter Voltage 

V BE 

»C = 5A, V CE = 3 V 

- 


V 

Second-Breakdown Collector Current: 

With base forward biased 

's/b 

V CE = 70 V, t = 1 s 

0.25 

- 

A 


For RCA1B08, voltage and current values are negative. 




92CS-I9922 


NOTE : 

FOR RCA I B08, VOLTAGE ANDCURRENT 
VALUES ARE NEGATIVE. 


92CS-24I43 


Fig. 3— Thermal-cycling rating chart for RCA 1B07 and RCA 1B08. 


Fig. 4— Maximum operating areas for RCA1B07 and RCA 1B08. 
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RCA1B07, RCA1B08 




NOTES: 

1. Provide approximately 1.3°C/W heat sinking per 
output device, based on mounting with a mica 
washer and ZnO thermal compound (Dow-Corning 
No. 340, or equivalent) with T j\ = 45°C max. 

2. 90°C thermal cutout attached to heat sink for 
output transistors. 

3. Power transformer: Signal 88-2 (parallel second- 
ary), Signal Transformer Co., 1 Junius St., 

Brooklyn, N.Y. 11212, or equivalent. 

4. Resistors are 1/2-watt unless otherwise specified; 
values are in ohms. 

5. Capacitances are in pF unless otherwise specified. 

6. Non-inductive resistors. 

7. D1-D10: 1N5391. 

Fig. 5— 40-watt amplifier circuit featuring full-complementary- 

symmetry output employing Darlington output transistors. 


TYPICAL PERFORMANCE DATA 
For 40-Watt Audio Amplifier 

Measured at a tine voltage of 120 V, = 25° C, and a 
frequency of 1 kHz, unless otherwise specified. 


Power: 

Rated power (8-12 load, at rated distortion) 40 W 

Total Harmonic Distortion: 

Rated distortion 0.5% 

IM Distortion: 

10 dB below continuous power output at 

60 Hz and 7 kHz (4:1) <0.2% 

IHF Power Bandwidth: 

3 dB below rated continuous power at 

rated distortion 5 Hz to 50 kHz 

Bandwidth at 1 W 5 Hz to 100 kHz 

Sensitivity: 

At continuous power-output rating 700 mV 

Hum and Noise: 

Below continuous power output: 

Input shorted 100 dB 

Input open 85 dB 

With 2 k£2 resistance on 20-ft. 

cable on input 97 dB 

Input Resistance 18k£2 
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RCA1B07, RCA1B08 


File No. 791 




NOTES: 

1 . Provide approximately 1 .3°C/W heat sinking per 
output device, based on mounting with a mica 
washer and ZnO thermal compound (Dow-Corning 
No. 340, or equivalent) with Ta = 45°C max. 

2. 90°C thermal cutout attached to heat sink for 
output transistors. 

3. Power transformer: Signal 80-4 (parallel second- 
ary). Signal Transformer Co., 1 Junius St., 

Brooklyn, N.Y. 11212, or equivalent. 

4. Resistors are 1 /2-watt unless otherwise specified; 
values are in ohms. 

5. Capacitances are in /tF unless otherwise specified. 

&>. Non-inductive resistors. 

7. D1-D10: 1N5391. 

Fig. 6-40-watt amplifier circuit featuring full-complementary- 

symmetry output employing Darlington output transistors. 


TYPICAL PERFORMANCE DATA 
For 40-Watt Audio Amplifier 

Measured at a line voltage of 120 V, 7^ = 25° C, and a 
frequency of 1 kHz , unless otherwise specified. 

Power: 

Rated power (4-ft load, at rated distortion) 40 W 

Typical power (8-£2 load) 30 W 

Total Harmonic Distortion: 

Rated distortion 0.5% 

IM Distortion: 

10 dB below continuous power output at 

60 Hz and 7 kHz (4:1) <0.2% 

IHF Power Bandwidth: 

3 dB below rated continuous power at 

rated distortion 5 Hz to 50 kHz 

Bandwidth at 1 W 5 Hz to 100 kHz 

Sensitivity: 

At continuous power-output rating 500 mV 

Hum and Noise: 

Below continuous power output: 

Input shorted 100 dB 

Input open 85 dB 

With 2 k£2 resistance on 20-ft. 

cable on input 97 dB 

Input Resistance 18k£2 
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RCA1B07, 1B08 
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Fig. 7— Typical distortion vs. power output for 40-watt 
amplifier with 64-volt supply. 
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Fig. 9— Typical distortion vs. power output for 40-watt 
amplifier with 58-volt supply. 


10 °j LOAD RESISTANCE (R L ) =8 It 

OUTPUT POWER (P 0UT )* 20 WCONT. 


— 


— 

— 

















\ 

AMBIENT TEMPERATURE I T A )=25°C 








X 




I 

L 



n 

L 












2 1 n 

o 8 

P 6 

a 

g 4 

o 2 



t 

FE 

tr 

R 

I 



q 

1 













.RE 

ENCE 

Dl 

3TC 

DR 

TION 



10 

ri 

5%) 









- 


— 


p 


— 

-- 

-- 












_l 








l 


















JL 



2 01 8 
5 6 

1 4 

O 2 

001 






































/ 



















/ 



















✓ 

y 






_ 



















2 

F/5- S- 

-1 

a 

8 

r YI 

m 

1 2 4 6 8 

0 

FREQUE 

oical distort 
plifier with 

1,2 468 

O 2 

NICY ( f ) — Hz 

on vs. freq 
64-volt supi 

1, 2 4 6 8 

I0 3 

jency for 4L 
ily. 

1 2 4 6 8 

I0 4 

2CS-24I46 

I- watt 

10 b 
6 

T° 4 

1 2 

LOAD RESISTANCE ( R L ) =8 12 

OUTPUT POWER ( P 0UT )*20W CONT. 
LINE VOLTAGE = 120 Vac 

AMBIENT TEMPERATURE ( T A )* 25°C 































_ 

l 

















1 ‘ 8~ 

tt 6 

to 4 

o 

0 2 

2 

1 o.i - 


-RE 

FE 

R 

:nce 

DI5 

























— 

— 

- 

- 

i 

— 

q 




_ 

_ 

— 

— 

- 

- 


■ — 

- 












J 








L 



















/ 



OC 8 

2 8 

i 4 

8 2 

0.01 

' 

















YZ 













r 






> 




















z 


















1 

-- 

-1 

✓ 


















_ 








' 2 4 6 8 1 2 4 6 8 1 2 4 6a I 2 4 6 8 I 2 4 6 8 

I 10 I0 2 I0 3 I0 4 


FREQUENCY (f) — Hz 92CS-24I48 

Fig. 10— Typical distortion vs. frequency for 40-watt 
amplifier with 58-volt supply. 


TERMINAL CONNECTIONS 

Pin 1 — Base 
Pin 2 — Emitter 
Case — Collector 
Mounting Flange — Collector 
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File No. 652 


□UGB/JO 

Solid State 
Division 


Power Transistors 

RCA1C03 RCA1C12 
RCA1C04 RCA1C13 


Silicon Transistors for 
Audio-Frequency 
Linear-Amplifier Applications 

N-P-N and P-N-P Complementary Types 

RCA1C03 RCA1C04 

RCA1C12 RCA1C13 

RCA1C03, RCA1C04, RCA1C12, and RCA1C13 are com- 
plementary silicon n-p-n and p-n-p transistors especially 
characterized for audio-amplifier applications. These devices, 
singly or in pairs in complementary- or quasi-complementary- 
symmetry circuits, are particularly useful as drivers or pre- 
drivers. They may also be used in audio power amplifiers, 
linear modulators, servo amplifiers, and operational amplifiers. 

The units are supplied in the JEDEC TO-220AB version of the 
plastic VERSAWATT package. 


EFFECTIVE CASE TEMP. OR CASE TEMP. Oeff OR Tc)~°C 
Fig. 1— Derating curve for all types. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 
With base open 

With external base-to-emitter resistance (Rgg) = 100 Q. 

EMITTER-TO-BASE VOLTAGE 

CONTINUOUS COLLECTOR CURRENT 

CONTINUOUS BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

PIN TEMPERATURE (During Soldering): 

At distances > 1/32 in. (0.8 mm) from seating plane 
for 10 s max 


'CBO 

RCA1C03 

120 

RCA1C04 

-120 

RCA1C12 

140 

RCA1C13 

-140 

V 

'CEO 

100 

-100 

120 

-120 

V 

CER 

120 

-120 

140 

-140 

V 

EBO 

5 

-5 

5 

-5 

V 

'C 

4 

-4 

4 

-4 

A 

•b 

2 

-2 

2 

-2 

A 

p T 

40 

40 

Qpn Ci 

40 

in 1 

40 

W 
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RCA1C03, RCA1C04, RCA1C12, RCA1C13 


File No. 652 

Type RCA1C03 

Package: JEDEC TO-220AB 

Construction: Silicon n-p-n, epitaxial 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) =25° C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 





Collector Cutoff Current: 

With external base-to-emitter resistance (Rbe) 

'CER 

v C e = iiov, r B e = 10012 

■ 

■ 

mA 

Emitter Cutoff Current: 

With collector open 

lEBO 

V E B = 5 V, l C = 0 

_ 

■ 


Collector-to-Emitter Voltage : 

With base open 

VCEO 

1C = 0.1 A, l B = 0 

100 

_ 

V 

Gain Bandwidth Product 

*T 

1C = 0.5 A, Vqe = 4 V 

4 

- 


DC Forward-Current Transfer Ratio 

hFE 

1C = 1 A, Vqe = 4 V 

50 

Hill! 

■ 

Collector-to-Emitter Saturation Voltage 

VcE(sat) 

IC = 1 A, Ib = 0.1 A 



■ 

Base-to-Emitter Voltage 

Vbe 

lc = 1 A, VcE = 4 V 


mm 

■n 

Second- Breakdown Collector Current: 

With base forward biased 

*S/b 

Vce = 40 V, t = 0.4 s 

b 

- 



For characteristics curves and test conditions, refer to published data for prototype 2N6293 (File 542). 


Type RCA1C04 

Package: JEDEC TO-220AB 

Construction: Silicon p-n-p, epitaxial 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 





Collector Cutoff Current: 

With external base-to-emitter resistance (Rbe) 

•CER 

vce = -iiov, rbe = 10012 


1 

mA 

Emitter Cutoff Current: 

With collector open 

lEBO 

Veb = -5V,I C = 0 

_ 

m 


Collector-to-Emitter Voltage: 

With base open 

VCEO 

l c = - 0:1 A, l B = 0 


_ 

B 

Gain Bandwidth Product 

ft 

lc = -0.5 A, Vce = -4 V 

mm 

- 


DC Forward-Current Transfer Ratio 

hFE 


50 


B ■ 

Collector-to-Emitter Saturation Voltage 

Vce (sat) 

lc = — 1 A. 1 B = —0 . 1 A 

- 

-1 

HEHI 

Base-to-Emitter Voltage 

Vbe 

1C = — 1 A, Vce = -4V 

- 

-1.5 


Second-Breakdown Collector Current: 

With base forward biased 



-1 

■ 

B 


For characteristics curves and test conditions, refer to published data for prototype 2N6476 (File 676). 


TERMINAL CONNECTIONS 

Lead 1 — Base 
Lead 2 — Collector 
Lead 3 — Emitter 
Lead 4 — Collector 
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RCA1C03, RCA1C04, RCA1C12, RCA1C13 File No. 652 

Type RCA1C12 

Package: JED EC TO-220AB 

Construction: Silicon n-p-n, epitaxial 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T q) = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector Cutoff Current: 

With external base-to-emitter 
resistance (R BE ) 

'CER 

V ce = 90V, R be = 10012 

- 

100 

pA 

Emitter Cutoff Current: 

With collector open 

>EBO 

V EB = 5V,I C = 0 

- 

1 

mA 

Collector-to-Emitter Voltage: 

With base open 

v CEO 

l c = 0.1 A, l B = 0 

120 

- 

V 

Collector-to-Emitter Voltage: 

With external base-to-emitter 
resistance (R BE ) 

V CER 

Iq = 0.1 A, Rbe = ^00 ^ 

140 

- 

V 

Gain Bandwidth Product 

f T 

l c = 0.5 A, V CE = 4 V 

4 

- 

MHz 

DC Forward-Current Transfer 

Ratio 

h FE 

l c =1 A,V CE =2V 

40 

250 


Base-to-Emitter Voltage 

V BE 

l c =1 A,V ce = 2V 

- 

1.2 

V 

Second-Breakdown Collector 

Current: 

With base forward biased 

■s/b 

V CE = 60 V, t = 0.4 s 

0.66 

- 

A 


For characteristics curves and test conditions, refer to published data for prototype 2N6474 (File 676). 


Type RCA1C13 

Package: JED EC TO-220AB 

Construction: Silicon p-n-p, epitaxial 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T C )=25°C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector Cutoff Current: 

With external base-to-emitter 
resistance (R BE ) 

>CER 

Vq E = —90 V, R BE = 100 £2 

- 

-100 

pA 

Emitter Cutoff Current: 

With collector open 

'ebo 

V EB = — 5 V, l c = 0 

- 

-1 

mA 

Collector-to-Emitter Voltage: 

With base open 

v CEO 

I C = -0.1 a,i b = o 

-120 

- 

V 

Collector-to-Emitter Voltage: 

With external base-to-emitter 
resistance (R BE ) 

V CER 

l c = -0.1 A, R be = 100 f2 

-140 

- 

V 

Gain Bandwidth Product 

*T 

l c = -0.5 A, V CE = -4 V 

10 

- 

MHz 

DC Forward-Current Transfer 
Ratio 

h FE 

l c = -1 A, V CE = -2 V 

40 

250 


Base-to-Emitter Voltage 

V BE 

l C = -1 A, V CE = — 2 V 

- 

-1.2 

V 

Second-Breakdown Collector 

Current: 

With base forward biased 

*S/b 

V CE = -60 V,t = 0.4 s 

-0.66 

- 

A 


For characteristics curves and test conditions, refer to published data for prototype 2N6476 (File 676). 
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File No. 644 



Solid State 
Division 


Power Transistors 

RCA1C05 

RCA1C06 



Silicon Transistors for 
25-Watt 

Full-Complementary-Symmetry 
Audio Amplifiers 


RCA1C05 and RCA1C06 are n-p-n and p-n-p epitaxial-base 
silicon power transistors, respectively. These complementary 
output devices for.- audio applications are provided in the 
JEDEC TO-220AB plastic package. 

The 25-watt audio-amplifier circuit shown in Figs. 1 and 2 
uses RCA1C05 and RCA1C06 as output devices in conjunc- 


tion with seven TO-39 discrete transistors, ten diodes, and a 
52-volt split power supply. The amplifier output is directly 
coupled to an 8-ohm speaker. The full-complementary- 
symmetry output stage provides excellent high-frequency 
performance at moderate cost. 



92CS-2I959 


Fig.1— Block diagram and transistor complement for 25-watt 
full-complementary-symmetry audio amplifier . 


9-74 
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File No. 644 



RCA1C05 

RCA1C06 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

V CBO 

60 

-60 

V 

COLLECTOR-TO- EMITTER VOLTAGE: 

With base open 

V CEO 

50 

-50 

V 

With external base-to-emitter resistance (R BE ) = 10012 


60 

-60 

V 

EMITTER-TO-BASE VOLTAGE 

V EBO 

5 

-5 

V 

COLLECTOR CURRENT 


7 

-7 

A 

BASE CURRENT 

*B 

3 

-3 

A 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

P T 

40 

40 

W 

At case temperatures above 25 C 


See Fig. 5 

►- 


TEMPERATURE RANGE: 



RRtn+IRf 

» w 

°r 

PIN TEMPERATURE (During Soldering): 

At distances ^>1/32 in. (0.8 mm) from case of 10 s max 


230 - 


°C 


Type RCA1C05 

Package: JEDEC TO-220AB 

Construction: Silicon n-p-n, epitaxial base 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) =25°C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 


Collector Cutoff Current: 

With external base-to-emitter resistance (Rbe) 

m 


_ 

i 


Emitter Cutoff Current: 

With collector open 

1 

V B E = 5V,I C = 0 

_ 

i 

w 

Col lector-to-E mitter Voltage : 

With external base-to-emitter resistance (R B e) 

| 

l c = 0.1 A,Rbe = 100 ^ 

60 

_ 

m 

Gain Bandwidth Product 

*T 

lc = 0.1 A,V CE = 4V 

4 

- 

U222H 

DC Forward-Current Transfer Ratio 

h FE 

IC = 3A,Vce=4V 

20 

120 


Collector-to-Emitter Saturation Voltage 

VcE(sat) 

l c = 3 A, l B = 0.3 A 

- 

1 

V 

Base-to-Emitter Voltage 

V BE 

IC = 3A,V C E=4V 

- 

1.5 

V 

Second-Breakdown Collector Current: 

With base forward biased 

>S/b 

V C e = 20 V,t = 0.5s 

2 

- 

A 


For characteristics curves and test conditions, refer to published data for prototype 2N6292 (File 542). 


Type RCA1C06 

Package: JEDEC TO-220AB 

Construction: Silicon p-n-p, epitaxial base 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

mm 

mm 

Collector Cutoff Current: 

With external base-to-emitter resistance (R B e) 

IS 

v C e = -50 V, r B e = iool2 

_ 

■ 

mA 

Emitter Cutoff Current: 

With collector open 


V E B = -5V,I C = 0 

_ 

-i 


Collector-to-Emitter Voltage: 

With external base-to-emitter resistance (R B e) 



-60 

_ 

V 

Gain Bandwidth Product 


>c = —0.1 A, Vce = — 4 V 

10 

- 


DC Forward-Current Transfer Ratio 

hp E 

1C 3 A, V CE = — 4 V 


mg 


Collector-to-Emitter Saturation Voltage 


•c = —3 A, 1 b = —0.3 A 

- 

-i 

V 

Base-to-Emitter Voltage 

VbE 

iC = — 3 A, Vce = — 4 V 

- 

-1.5 

V 

Second-Breakdown Collector Current: 

With base forward biased 

'S/b 

V C £ = —20 V, t = 0.5 s 

-2 

- 

A 


For characteristics curves and test conditions, refer to published data for prototype 2N6107 (File 488). 


516 

















File No. 644 


RCA1C05, RCA1C06 



NOTES: 

1. T: Signal 36-2 (Signal Transformer Co., 

1 Junius St., Brooklyn, N.Y. 11212), 
or equivalent. 

2. Resistors are 1 /2-watt unless otherwise 
specified; values are in ohms. 

3. Capacitances are in /iF unless otherwise 
specified. 

4. Non-inductive resistors. 

5. Mount driver transistors on heat sink, 

Wakefield No. 209-AB, or equivalent. 
(Alternatively, this type may be 
obtained with a factory-attached 
integral heat sink.) 

6. Provide approximately 2°C/W heat 
sinking per output device. 

Fig. 2— 25-watt amplifier circuit featuring true-complementary- 
symmetry output with load line limiting. 


Rated power (8-12 load, at rated distortion) 25 W 

Typical power (4-12 load) 45 W 

Typical power ( 1 6-12 load) 1 6 W 

Total Harmonic Distortion: 

Rated distortion 1.0% 

Typical at 20 W 0.05% 

IM Distortion: 

10 dB below continuous power output at 

60 Hz and 7 kHz (4:1) 0.1% 

IHF Power Bandwidth: 

3 dB below rated continuous power at 

rated distortion 80 kHz 

Sensitivity: 

At continuous power-output rating 600 mV 

Hum and Noise: 

Below continuous power output: 

Input shorted 80 dB 

Input open 75 dB 

feiput Resistance 20 k!2 
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File No. 646 


OUCBZ/D 

Solid State 
Division 


Power Transistors 

SRCA1C07 

RCA1C08 



SiDicoo Transistors for 
40-Watt 

Full-Complementary-Symmetry 
Audio Amplifiers 


RCA1C07 and RCA1C08 are n-p-n and p-n-p epitaxial-base 
silicon power transistors, respectively, especially suitable for 
audio-output applications. These devices are provided in the 
economical JEDEC TO-220AB version of the VERSAWATT 
package. 

The 40-watt amplifier shown in Figs. 1 and 2 uses the 


RCA1C07 and RCA1C08 in conjunction with seven TO-39 
transistors, ten diodes, and a 64-volt split power supply. The 
amplifier output is directly coupled to an 8-ohm speaker. 
The high-frequency performance of this 40-watt amplifier 
will provide excellent reproduction for the most critical 
listener. 



Fig.1 — Block diagram and transistor complement for 40-watt 
full-complementary-symmetry audio amplifier. 


9-74 
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RCA1C07, RCA1C08 


File No. 646 


v 

v 

V 

V 
A 
A 

w 


°c 

Type RCA1C07 

Package: JEDEC TO-220AB 

Construction: Silicon n-p-n, epitaxial base 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector Cutoff Current: 

With external base-to-emitter resistance (R BE ) 

'CER 

v CE = 65V ' R BE = 100 ^ 

_ 

1 

mA 

Emitter Cutoff Current: 

With collector open 

•ebo 

V BE = 5V,I C = 0 

_ 

1 

mA 

Collector-to-Emitter Voltage: 

With external base-to-emitter resistance (R BE ) 

V CER 

l c = 0.1A,R BE = 100n 

75 

_ 

V 

Gain Bandwidth Product 

*T 

IC = 1 A, Vqe = 4V 

5 

- 

MHz 

DC Forward-Current Transfer Ratio 

h FE 

IC = 4A, Vqe = 4V 

20 

120 


Collector-to-Emitter Saturation Voltage 

VcE(sat) 

lC = 4A,l B = 0.4A 

- 

1 

V 

Base-to-Emitter Voltage 

V BE 

I C = 4A,V CE = 4V 

- 

1.5 

V 

Second-Breakdown Collector Current: 

With base forward biased 

•s/b 

V CE = 30V, t = 0.5 s 

2.5 

- 

A 


For characteristics curves and test conditions, refer to published data for prototype 2N6488 (File 678). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

CO LLECTOR-TO-BASE -VOLTAGE V CBQ 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open ^CEO 

With external base-to-emitter resistance (R BE ) = 100£2 , , . . V CER 

EMITTER-TO-BASE VOLTAGE V EBQ 

COLLECTOR CURRENT I c 

BASE CURRENT I B 

TRANSISTOR DISSIPATION: P T 

At case temperatures up to 25 C 

At case temperatures above 25 C 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

PIN TEMPERATURE (During Soldering): 

At distances >1/32 in. (0.8 mm) from case for 10 s max 


65 

75 

5 

10 

4 


-65 

-75 

-5 

-10 



Type RCA1C08 

Package: JEDEC TO-220AB 

Construction: Silicon p-n-p, epitaxial base 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector Cutoff Current: 

With external base-to-emitter resistance (R BE ) 

•CER 

V C E = —65V, R BE = 100^2 

_ 

-1 

mA 

Emitter Cutoff Current: 

With collector open 

*EBO 

V EB = -5V,I C = 0 

_ 

-1 

mA 

Collector-to-Emitter Voltage: 

With external base-to-emitter resistance (R BE ) 

V CER 

i c = -o.ia,r be = 100ft 

-75 


V 

Gain Bandwidth Product 

«T 

I C = _1 A, V CE = — 4V 

5 

- 

MHz 

DC Forward-Current Transfer Ratio 

h FE 

I C = _4A,V CE = — 4V 

20 

120 


Collector-to-Emitter Saturation Voltage 

VcE(sat) 

l C = — 4A, 1 B = — 0.4A 

- 

-T 

V 

Base-to-Emitter Voltage 

V BE 

l C = — 4A, V CE = — 4V 

- 

-1.5 

V 

Second-Breakdown Collector Current: 

With base forward biased 

•s/b 

V CE = -30V, t = 0.5 s 

-2.5 

- 

A 


For characteristics curves and test conditions, refer to published data for prototype 2N6491 (File 678). 
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File No. 646 


RCA1C07, RCA1C08 



1. T: Signal 88-2 (parallel secondary). 

Signal Transformer Co., 1 Junius St., 

Brooklyn, N.Y. 11212, or equivalent. 

2. Resistors are 1/2 -watt unless otherwise 
specified; values are in ohms. 

3. Capacitances are in nf unless otherwise 
specified. 

4. Non-inductive resistors. 

5. Mount driver transistors on heat sink, 

Wakefield No. 209-AB, or equivalent. 

(Alternatively, these types may be 
obtained with a factory-attached 
integral heat sink.) 

6. Provide approximately 1 .3°C/W 
heat sinking per output device. 

Fig-2- 40-Watt amplifier circuit featuring full-complementary- 
symmetry output using load line limiting. 


40 W 

Typical power (4-12 load) 75 W 

Typical power (16-12 load) 25 W 

Total Harmonic Distortion: 

Rated distortion 1 .0% 

Typical at 20 W 0.05% 

IM Distortion: 

10 dB below continuous power output at 

60 Hz and 7 kHz (4: 1) 0.1% 

IHF Power Bandwidth: 

3 dB below rated continuous power at 

rated distortion 80 kHz 

Sensitivity: 

At continuous power-output rating 600 mV 

Hum and Noise: 

Below continuous power output: 

Input shorted 80 dB 

Input open 75 dB 

Input Resistance 20 k!2 
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File No. 645 



Solid State 
Division 


Power Transistors 
RCA1C09 



Silicon Transistor for 
40-Watt 

Quasi-Complementary^Symmetry 
Audio Amplifiers 


RCA1C09 is an n-p-n hometaxial-base silicon power transistor 
packaged in the JEDEC TO-220AB (VERSAWATT) case. 
Two of these devices, driven in the class-B mode by the 
RCA1A06 and RCA1A05 silicon n-p-n and p-n-p transistors, 
can be used as output devices in audio-amplifier applications. 


The 40-watt amplifier shown in Figs. 1 and 5 uses two 
RCA1C09 transistors as output units in conjunction with 
seven TO-39 transistors, 1 1 diodes, and a 64-volt split power 
supply. The amplifier output is directly coupled to an 8-ohm 
speaker. This 40-watt amplifier features ruggedness and 
economy in the mid-power range. 



92CS- 21975 


Fig.1— Block diagram and transistor complement for 40-watt 
quasi-complementary-symmetry audio amplifier. 


9-74 
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RCA1C09 


File No. 645 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open 

With external base-to-emitter resistance (Rgg) = 100f2. . 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT 

BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

PIN TEMPERATURE (During Soldering): 

At distances >1/32 in. (0.8 mm) from case for 10 s max. 


V CBO 

RCA1C09 

75 

V 

V CEO 

65 

V 

V CER 

75 

V 

V EBO 

5 

V 

•c 

10 

A 

'b 

4 

A 

P T 

75 

W 


See Fig. 2 



-65 to 150 

°C 


230 

°C 



92CS-2I976 


Fig. 2— Derating curves for all types. 



92CS- I8003RI 

Fig. 3— Thermal-cycling ratings for RCA 1C09. 



92CS- 21977 


Fig.4— Maximum operating areas for RCA1C09. 
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File No. 645 


RCA1C09 


7 j_ c 5 c Tfr 


PROTECTION Cl RCU I T 
68 R '6 ”1 


RI3 J 

1 K< 

> Dg 

1 

1 

1 

►R20 . 

1 

Rl4< 

!rW-i 

> TYPE 

1 < 
1 ! 1 

> 100 > 

6.8 K< 

> IN3754 

LU 



68 r, 7 

TYPE IN3754 

: fa* T 


MILLER 4622 
* OR EQUIVALENT 
10 uH 


80* C THERMAL 
CUTOUT 

■« O''* 3 




C 8^^-^C 9 
H (^02 
| 50V 


TYPICAL PERFORMANCE DATA 
For 40-Watt Audio Amplifier Circuit 


1. T: Signal 88-2 (parallel secondary). 

Signal Transformer Co., 1 Junius St., 
Brooklyn, N.Y. 1 1212, or equivalent. 

2. Resistors are 1 /2-watt unless otherwise 
specified; values are in ohms. 

3. Capacitances are in pF unless otherwise 
specified. 

4. Non-inductive resistors. 

5. Mount driver transistors on heat sink, 
Wakefield No. 209-AB, or equivalent. 
Alternatively, these types may be 
obtained with a factory-attached 
integral heat sink. 

6. Provide approximately 1 .3°C/W 
heat sinking per output device. 

Fig . 5— 40-watt amplifier circuit featuring quasi- 
complementary-symmetry output. 


Measured at a line voltage of 120 V, T A - 25° C, and a 
frequency of 1 kHz, unless otherwise specif ied. 

Power: 

Rated power (8-£2 load, at rated distortion) 

Typical power (4-C2 load) 

Typical power ( I6-£2 load) . 

Music power (8-£2 load, at 5% THD with 

regulated supply) 

Dynamic power (8-S2 load, at 1% THD with 

regulated supply) 

Total Harmonic Distortion: 

Rated distortion 

IM Distortion: 

10 dB below continuous power output at 

60 Hz and 7 kHz (4:1) 

Sensitivity: 

At continuous power-output rating 

Hum and Noise: 

Below continuous power output: 

Input shorted 

With 2 k£2 resistance on 20-ft. cable on input . 
Input Resistance 
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RCA1C09 


File No. 645 



Fig. 6— Distortion vs. power output. 



50 100 200 500 IK 2K 5K I0K 20K 50K I00K 

FREQUENCY — Hz 
Fig. 7 — Response curve. 


92CS-I5I30 


Type RCA1C09 

Package: JEDEC TO-220AB 

Construction: Silicon n-p-n, hometaxial base 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) =25° C Unless Otherwise Specif ied 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector Cutoff Current: 

With external base-to-emitter resistance (R BE ) 

'CER 

V CE = 65 V,R BE = 100ft 


1 

mA 

Emitter Cutoff Current: 

With collector open 

•ebo 

V E b = 5V,I c = 0 

_ 

1 

mA 

Collector-to-Emitter Voltage: 

With external base-to-emitter resistance (R BE ) 

V CER 

I c = 0.2A,R be = 100ft 

75 

- 

V 

Gain Bandwidth Product 

*T 

l c = 0.5A, V CE =4V 

0.8 

- 

MHz 

DC Forward-Current Transfer Ratio 

h FE 

I C = 4A,V CE = 4V 

20 

120 


Collector-to-Emitter Saturation Voltage 

V CE (sat) 

I c = 4A,I b = 0.4A 

- 

1 

V 

Base-to-Emitter Voltage 

V BE 

, c = 4A,V C e = 4V 

- 

1.5 

V 

Second-Breakdown Collector Current: 

With base forward biased 

! S/b 

V CE = 40V,t=0.5s 

1.87 

- 

A 


For characteristics curves and test conditions, refer to published data for prototype 2N6103 (File 485). 


TERMINAL CONNECTIONS FOR TYPE RCA1C09 


Lead 1 

— Base 

Lead 2 

— Collector 

Lead 3 

— Emitter 

Lead 4 

— Collector 
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File No. 642 



Solid State 
Division 


Power Transistors 
IRC AH CIO 
IRC AH Cl 1 



Silicon Transistors for 
12-Watt 

T rue-Complementary-Symmetry 
Audio Amplifiers 


RCA1C10 and RCA1C11 are n-p-n and p-n-p epitaxial-base 
silicon power transistors, respectively, especially character- 
ized for audio-output service. To enhance circuit economics, 
they are provided in the JED EC TO-220AB version of the 
VERSAWATT plastic package. 

The 12-watt audio-amplifier circuit shown in Figs. 1 and 7 
uses RCA1C10 and RCA1C11 as output devices in con- 
junction with three discrete transistors, two diodes, and a 
single 36-volt power supply; the amplifier output is 
capacitively coupled to an 8-ohm speaker. The choice of a 
true-complementary-symmetry output stage provides excel- 
lent fidelity for a low-cost system. 

The 12-watt amplifier circuit shown in Figs. 2 and 10 uses 


RCA1C10 and RCA1C11 discrete transistors, an integrated 
circuit, one diode, and a 36-volt split power supply; the 
amplifier output is directly coupled to an 8-ohm speaker. 
The integrated circuit-true-complementary-symmetry com- 
bination provides a high-quality, low-cost amplifier. 

The RCA CA3094AT integrated circuit provides sufficient 
drive current for the complementary-symmetry output stage. 
Tone controls, bass and treble, with functions of "boost" 
and "cut" are incorporated into the feedback loop of the 
amplifier, resulting in excellent signal-to-noise ratio and 
freedom from distortion. Ratings and characteristics of type 
C A 3094 AT are given in RCA data bulletin File 598. 



92CS- 21476 


Fig. 1— Block diagram and transistor 
complement for 12-watt true- 
complemen tary-symmetry 
audio amplifier. 


Fig. 2— Block diagram and transistor com- 
plement for 12-watt true-comple- 
mentary-symmetry audio amplifier 
with integrated-circuit driver. 
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COLLECTOR CURRENT (I C ) A J | PERCENTAGE OF RATE_D_CURRENT ATSPECIFIED 


RCA1C10, RCA1C11 


File No. 642 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open 

With external base-to-emitter resistance (Rqe) = 100£2 

EM ITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT 

BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

PIN TEMPERATURE (During Soldering) : 

At distances >1/32 in. (0.8 mm) from case for 10 s max. 


V CBO 

RCA1C10 

40 

RCA1C11 

-40 

V CEO 

40 

-40 

V CER 

50 

-50 

V EBO 

5 

-5 

'c 

7 

-7 

'b 

3 

-3 

P T 

40 40 

See Fig. 3 ► 

-4 65 to 1 50 ► 

230 ► 



NUMBER OF THERMAL CYCLES 

92CS-I8003RI 


Fig. 3 - Derating curves for all types. Fig.4 - Thermal-cycling ratings for RCA1C10 and FtCAIC1 1. 



I 5.7 10 40 70 100 

COLLECTOR-TO-EMITTER VOLTAGE (V CE )— V 

92CS- 21473 

Fig. 5 — Maximum operating areas for RCA1C10. 



Fig.6 — Maximum operating areas for RCA 1 Cl 1. 
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File No. 642 


RCA1C10, RCA1C11 


Type RCA1C10 

Package: JEDEC TO-220AB 

Construction: Silicon n-p-n, epitaxial-base 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

L.IIVI 

MIN. 

II 1 o 

MAX. 

UNITS 

Collector Cutoff Current: 

With external base-to-emitter resistance (R BE ) 

! CER 

V CE = 35 V, R be = 10012 

_ 

10 

pA 

Emitter Cutoff Current: 

With collector open 

•ebo 

V EB = 5V 

- 

1 

mA 

Collector-to-Emitter Voltage: 

With base open 

V CEO 

l c = 0.1 A, l B = 0 

40 

- 

V 

Collector-to-Emitter Voltage: 

With external base-to-emitter resistance (R BE ) 

V CER 

Iq = 0.1 A, R be = 10012 

50 

- 

V 

Gain Bandwidth Product 

*T 

V CE = 4 v , Iq = 0.5 A 

4 

- 

MHz 

DC Forward-Current Transfer Ratio 

hFE 

l c = 1.5 A, V CE = 4 V 

50 

250 


Collector-to-Emitter Saturation Voltage 

V CE (sat) 

l c = 1.5 A, l B = 0.075 A 

- 

1 

V 

Base-to-Emitter Voltage 

V BE 

l c = 1.5 A, V CE = 4 V 

- 

1.5 

V 

Second-Breakdown Collector Current: 

With base forward biased 

>S/b 

V CE = 20 V, t = 0.4 s 

2 

_ 

A 


For characteristics curves and test conditions, refer to published data for prototype 2N6292 (File 542). 


TERMINAL CONNECTIONS FOR 
TYPES RCA1C10, RCA 1C11 

Lead 1 — Base 

Lead 2 - Collector 
Lead 3 — Emitter 
Mounting Flange — Collector 

Type RCA1C11 

Package: JEDEC TO-220AB 

Construction: Silicon p-n-p, epitaxial base 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T C )=2?C Unless Otherwise Specif ied 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 
MIN. | MAX. 

UNITS 

Collector Cutoff Current: 

With external base-to-emitter resistance (R BE ) 

'CER 

V CE = -35 V, R be = 10012 

- 

-10 

juA 

Emitter Cutoff Current: 

With collector open 

'ebo 

V EB = — 5 V 

- 

-1 

mA 

Collector-to-Emitter Voltage: 

With base open 

v CEO 

, C = _0.1 a,i b = o 

-40 

- 

V 

Collector-to-Emitter Voltage: 

With external base-to-emitter resistance (R BE ) 

V CER 

Iq = -0.1 a, r be = looa 

-50 

- 

V 

Gain Bandwidth Product 

f T 

V ce = -4V, Iq = —0.5 A 

10 

- 

MHz 

DC Forward-Current Transfer Ratio 

h FE 

l c = —1.5 A, V CE = — 4 V 

50 

250 


Collector-to-Emitter Saturation Voltage 

V CE (sat) 

Iq = —1.5 A, l B = —0.075 A 

- 

-1 

V 

Base-to-Emitter Voltage 

LU 

CQ 

> 

l C = -1-5A, V CE = -4V 

- 

-1.5 

V 

Second-Breakdown Collector Current: 

With base forward biased 

•s/b 

Vq E = —20 V, t = 0.4 s 

-2 

_ 

A 


For characteristics curves and test conditions, refer to published data for prototype 2N6107 (File 488). 
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RCA1C10, RCA1C11 


File No. 642 



+36 V N.L. 
92CS-I5I65RI 

NOTES: 

1 . T: Thordarson 23V 118, Stancor TP4, T riad 

F-93X, or equivalent (for Stereo 
Amplifiers). 

2. Resistors are 1 /2-watt unless otherwise 
specified; values are in ohms. 

3. Capacitances are in fJLF unless otherwise 
specified. 

4. Non-inductive resistors. 



Fig.7— 12-watt amplifier circuit featuring complementary-symmetry 
output. 


TYPICAL PERFORMANCE DATA 
For 12-Watt Audio Amplifier Circuit 

Measured at a line voltage of 120 V, Ta = 25° C, and a frequency of 1 kHz, 


unless otherwise specified. 

Power: 

Rated power (8-£2 load, at rated distortion) 

Typical power (4-£2 load) 

Typical power ( 16-f2 load) 

Music power (8T2 load, at 5% THD with 

regulated supply) 

Dynamic power (8-£2 load, at 1% THD with 

regulated supply) 

Total Harmonic Distortion: 

Rated distortion 


IM Distortion: 

12 W 10 dB below continuous power output at 

12 W 60 Hz and 7 kHz (4:1) 

6.5 W Sensitivity: 

At continuous power-output rating 

15 W Hum and Noise: 

Below continuous power output: 

13 W Input shorted 

Input open 

1 .0% Input Resistance 


1.5% 
600 mV 


90 dB 
70 dB 
23 kn 



92CS-I73I4 92CS-I73I5 


Fig.8— Distortion vs. power output. Fig.9— Response curve. 
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RCA1C10, RCA1C11 


"BOOST" TREBLE » C UT" 
.. (CW) 15 K (CCW) 

r- 


O.OI 820 

Hf — wv — | 



-18 V ♦18 V 


NOTES: 

1. T: Stancor No.P-8609 (120 V AC to 
26.8 V CT @ 1 A) or equivalent 

2. FOR STANDARD INPUT: Short C 2 ; 

R j = 250 K; Ci = 0.047 pF; Remove R 2 

3. FOR CERAMIC-CARTRIDGE INPUT: 

Ci = 0.0047 /LlF; R-| = 2.5 Mft; Remove 
Jumper from C 2 ; Leave R 2 . 

4. D1 1N5392 



5. Resistors are 1 /2-watt unless otherwise 
specified; values are in ohms. 

6. Capacitances are in /IF unless otherwise 
specified. 

7. Non-inductive resistors. 


0.2 i 


P-02 s 


29 ,k . . 

"B00ST" 100 K "CUT" 

(CW) BASS (CCW) 


AAV 
10 K 



Fig. 10— 12-watt amplifier circuit featuring an integrated-circuit driver and a true-complementary-symmetry output stage. 

TYPICAL PERFORMANCE DATA 
For 12-Watt Audio Amplifier Circuit 

Measured at a line voltage of 120 V, = 25° C, and a frequency of 1 kHz, unless otherwise specified. 


Power: 

Rated power (8-f2 load, at rated distortion) 1 2 W 

Typical power (4-£2 load) 9 W 

Typical power ( 1 6-12 load) 6.5 W 

Music power (8-£2 load, at 5% THD with 

regulated supply) 1 5 W 

Total Harmonic Distortion: 

Rated distortion 1 .0% 

Typical at 1 W 0.05% 

1M Distortion: 

10 dB below continuous power output at 

60 Hz and 2 kHz (4:1) 0.2% 



Fig. 1 1— Intermodulation distortion vs. power output. 


Sensitivity: 

At continuous power-output rating 

(tone controls Hat) 100 mV 

Hum and Noise: 

Below continuous power output: 

Input open 83 dB 

Input resistance 250 k£2 

Voltage Gain 40 dB 

Tone Control Range See Fig.l 2 



Fig. 12— Voltage gain vs. frequency. 
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File No. 643 


[MBZ7D 

Solid State 
Division 


Power Transistors 
RCA1C14 



JEDEC TO-220AB 


Silicon Transistor for 
25-Watt 

Quasi-Complementary-Symmetry 
Audio Amplifiers 


RCA1C14 is an n-p-n hometaxial-base silicon power transistor 
provided in the JEDEC TO-220AB package. This device is 
ideally suited for use in the output stage of quasi- 
complementary-symmetry audio amplifiers 

The 25-watt audio-amplifier circuit shown in Figs. 1 and 5 


uses two,RCA1C14 transistors in conjunction with seven 
TO-39 low-level audio transistors, 11 diodes, and a 52-volt 
split supply. The amplifier output is directly coupled to an 
8-ohm speaker. Ruggedness and economy are features of this 
high fidelity amplifier. 



92CS-2I956 


Fig.1— Block diagram and transistor complement for 25-watt 
quasi-complementary-symmetry audio amplifier. 
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RCA1C14 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open 

With external base-to-emitter resistance (Rg E ) = 100^2 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT 

BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25 C 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

PIN TEMPERATURE (During Soldering): 

At distances ^1/32 in. (0.8 mm) from case for 10 s max. 


V CBO 

V CEO 

V CER 

V EBO 

■c 

'b 

P T 


RCA1C14 

60 

40 

60 

5 

7 

3 

50 

See Fig. 2 
-65 to 150 

230 


V 

V 

V 

V 
A 
A 

W 




Fig. 2— Derating curves for all types. 


Fig.3— Thermal-cycling ratings for RCA 1C14. 
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Fig.4— Maximum operating areas for RCA 1C14. 
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RCA1C14 


File No. 643 




TYPICAL PERFORMANCE DATA 
For 25-Watt Audio Amplifier 

Measured at a line voltage of 120 V, = 25°C, and a 
frequency of 1 kHz , unless otherwise specified 


NOTES: 92CS " 5,59R2 

1. T: Signal 36-2 (Signal Transformer Co., 

1 Junius St., Brooklyn, N.Y. 11212), 
or equivalent. 

2. Resistors are 1 /2-watt unless otherwise 
specified; values are in ohms. 

3. Capacitances are in pf unless otherwise 
specified. 

4. Non-inductive resistors. 

5. Mount driver transistors on heat sink, 
Wakefield No. 209-AB, or equivalent. 
(Alternatively, this type may be obtained 
with a factory-attached integral heat sink.) 

6. Provide approximately 2°/W heat sinking 
per output device. 

Fig. 5— 25-watt amplifier circuit featuring quasi- 
complementary- symmetry output. 


Power: 

Rated power (8-fi load, at rated distortion) 25 W 

Typical power (4-12 load) 45 W 

Typical power (16-12 load) 16 W 

Music power (8-^2 load, at 5% THD with 

regulated supply) 38 W 

Dynamic power (8-12 load, at 1% THD with 

regulated supply) 33 W 

Total Harmonic Distortion: 

Rated distortion 1.0% 

IM Distortion: 

10 dB below continuous power output at 

60 Hz and 7 kHz (4:1) 0.1% 

Sensitivity: 

At continuous power-output rating 600 mV 

Hum and Noise: 

Below continuous power output: 

Input shorted 80 dB 

Input open 75 dB 

Input Resistance 20 k!2 
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RCA1C14 



Fig. 6— Distortion vs. power output. 



10 20 50 100 200 500 IK 2K 5K I0K 20K 50K I00K 


Fig. 7- Response curve. 


Type RCA 1C 14 

Package: JEDEC TO-220AB 

Construction: Silicon n-p-n, hometaxial base 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector Cutoff Current: 

With external base-to-emitter resistance (R BE ) 

'CER 

V CE = 50 V,R BE = 100ft 

_ 

0.5 

mA 

Emitter Cutoff Current: 

With collector open 

•ebo 

V EB = 5 V, l c = 0 

- 

1 

mA 

Collector-to-Emitter Voltage: 

With base open 

v CE0 

i c = 1 a,i b = o 

40 

_ 

V 

Collector-to-Emitter Voltage : 

With external base-to-emitter resistance (R BE ) 

V CER 

l c = 0.1 A, R be = 100ft 

60 

_ 

V 

Gain Bandwidth Product 

f T 

l c = 0.5 A, V CE = 4 V 

0.8 

- 

MHz 

DC Forward-Current Transfer Ratio 

h FE 

l C = 3 A, V CE = 4 V 

20 

70 


Collector-to-Emitter Saturation Voltage 

V C E(sat) 

l c = 3 A, l B =0.3A 

- 

1 

V 

Base-to-Emitter Voltage 

V BE 

I C = 3A,V CE = 4V 

- 

1.4 

V 

Second-Breakdown Collector Current: 

With base forward biased 

•s/b 

V CE = 40 V, t=0.5 s 

1.25 

- 

A 


For characteristics curves and test conditions, refer to published data for prototype 2N5495 (File 353). 


TERMINAL CONNECTIONS FOR TYPE RCA1C14 


Lead 1 

— Base 

Lead 2 

— Collector 

Lead 3 

— Emitter 

Lead 4 

- Collector 
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File No. 653 




Power Transistors 


Solid State 
Division 


RCA1E02 

RCA1E03 


Silicon Transistors for 
Audio-Frequency 
Linear-Amplifier Applications 

TERMINAL CONNECTIONS 

N-P-N P-N-P Pin 1- Base 

Pin 2 - Emitter 

RCA1E02 RCA1E03 Mounting Flange, Case - Collector 


RCA1 E02 and RCA1 E03 are silicon n-p-n and p-n-p transistors, 
respectively. These complementary devices are especially 
characterized for audio-amplifier applications. They may be 
used singly or as a complementary pair in complementary- 
or quasi-complementary-symmetry circuits, and are particu- 
larly useful as drivers or predrivers. They may also be used 
in audio power amplifiers, linear modulators, servo amplifiers, 
and operational amplifiers. The units are supplied in the 
JEDEC TO-66 package. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open 

With external base-to-emitter resistance (R B j:) = 100 ^ • 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT 

BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

PIN TEMPERATURE (During Soldering): 

At distances ^ 1/32 in. (0.8 mm) from case for 10 s max 
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File No. 653 — RCA1E02, RCA1E03 

Type RCA1E02 

Package: JEDEC TO-66 

Construction: Silicon n-p-n, double-epitaxial 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector Cutoff Current: 

With external base-to-emitter 
resistance (R B e) 

'CER 

V CE = 120 V, R be = 100 ft 

- 

100 

/iA 

Emitter Cutoff Current: 

With collector open 

•ebo 

V EB = 5V,I C = 0 

- 

1 

mA 

Collector-to-Emitter Voltage: 

With base open 

V CEO 

l c = 0.1 A, l B = 0 

175 

- 

V 

Collector-to-Emitter Voltage: 

With external base-to-emitter 
resistance (R BE ) 

V CER 

l c = 0.1 A, R B e = 100 12 

200 

- 

V 

DC Forward-Current Transfer 

Ratio 

h FE 

l C = 0.3 A, V CE = 2 V 

30 

150 


Base-to-Emitter Voltage 

LU 

00 

> 

l c = 0.3 A, V CE = 2 V 

- 

1 

V 

Second-Breakdown Collector 

Current: 

With base forward biased 

*S/b 

V CE = 80 V, t = 0.4 s 

0.4 

- 

A 


For characteristics curves and test conditions, refer to published data for prototype 2N3583 ( File 1 38) . 


Type RCA1E03 
Package: JEDEC TO-66 
Construction: Silicon p-n-p, epitaxial 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Collector Cutoff Current: 

With external base-to-emitter 
resistance (Rbe) 

>CER 

v CE = —120 v, r be = ioo n 

- 

-100 

juA 

Emitter Cutoff Current: 

With collector open 

'ebo 

V EB = -5 V. I c = 0 

- 

-1 

mA 

Collector-to-Emitter Voltage: 

With base open 

V CEO 

| C = -0.1 a,i b = 0 

-175 

- 

V 

Collector-to-Emitter Voltage: 

With external base-to-emitter 
resistance (Rbe) 

V CER 

l c = -0.1 a, R be = 100 ft 

-200 

- 

V 

DC Forward-Current Transfer 

Ratio 

hFE 

l c = -0.3 A, V CE » -2 V 

30 

150 

| 


Base-to-Emitter Voltage 

V BE 

l C = “0.3 A, V CE - 2 V 

- 

-1 

V 

Second-Breakdown Collector 

Current: 

With base forward biased 

's/b 

V CE = -80V,t = 0.4s 

-0.25 

- 

A 


For characteristics curves and test conditions, refer to published data for prototype 2N621 1 (File 507). 
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File No. 583 


DU(Bz5D 


Power Transistors 


Solid State 
Division 


RCA 29 RCA29B 
RCA29A RCA29C 


Epitaxial -Base, Silicon N-P-N 
VERSAWATT Transistors 

For Power-Amplifier and 
High-Speed-Switching Applications 

Features: 

a 30 W at 25°C case temperature 

■ 3 A rated collector current 
a Min. fj of 3 MHz at 10 V, 200 mA 

■ Designed for complementary use with RCA30, RCA30A, RCA30B, 
and RCA30C p-n-p types* 

RCA29, RCA29A, RCA29B, and RCA29C are epitaxial-base, amplifiers. These new plastic power transistors are designed 
silicon n-p-n transistors. They are intended for a wide variety for complementary use with devices in the RCA30 series, 

of switching and amplifier applications, such as series and They differ from each other in voltage ratings, 

shunt regulators and driver and output stages of high-fidelity * Technical data for the RCA30-series devices are given in RCA data 

bulletin File 584. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

RCA29 RCA29A RCA29B RCA29C 

COLLECTOR-TO-BASE VOLTAGE VcBO 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open VCEO 

EMITTER-TO-BASE VOLTAGE V£BO 

CONTINUOUS COLLECTOR CURRENT .... I C 
CONTINUOUS BASE CURRENT I B 

TRANSISTOR DISSIPATION: P T 

At case temperatures up to 25°C 

At ambient temperatures up to 25°C 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

LEAD TEMPERATURE (During Soldering): 

At distance 1/8 in. (3.17 mm) from case 
for 10 s max 
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File No. 583- 


RCA29 RCA29B 
RCA29A RCA29C 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25°C 

TEST CONDITIONS LIMITS 

DC DC 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT RCA29 RCA29A RCA29B RCA29C UNITS 

IV) (A) 


V CE VBE >C *B MIN. max. min. max. m,n - max * min. MAX. 
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PERCENTAGE OF MAXIMUM DISSIPATION AT Tc=25°C OR 


RCA29 RCA29B 
RCA29A RCA29C 


File No. 583 



Fig. 1 — Maximum safe operating areas for all types. 




Fig. 2 - Derating curves for all types. 


Fig. 3 - Thermal-cycling ratings for all types. 





File No. 583 


RCA29 RCA29B 
RCA29A RCA29C 


VBB—4.5V V CC *+30V 



20/i»; REP. RATE* 

I kHz) * ADJUST R B FOR l B2 AND R C FOR l C 

4 I b AND l B? MEASURED WITH TEKTRONIX CURRENT PROBE 
9ZCS-2498S L P6019 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 

Fig 4 — Circuit used to measure saturated switching times for all types. 




Fig. 6 - Typical dc beta characteristics for RCA29, RCA29A, and 
RCA29B. 



TERMINAL CONNECTIONS 

Lead No. 1 — Base 
Lead No. 2 — Collector 
Lead No. 3 — Emitter 
Mounting Flange, Lead No. 4 — Collector 
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File No. 792 



Solid State 
Division 


Power Transistors 

RCA29/SDH RCA29B/SDH 
RCA29A/SDH RCA29C/SDH 



JEDEC TO-220AB 


Hometaxial-Base, Silicon N-P>N 
VERSAWATT Transistors 


For Medium-Power Switching and 
Amplifier Applications 

TERMINAL CONNECTIONS 

Terminal No.1 — Base 
Terminal No.2 — Collector 
Terminal No.3 — Emitter 
Mounting Flange, 

. Terminal No.4 — Collector 


Features: 

■ 50 W at 25°C case temperature 

■ Low saturation voltage 

■ Maximum safe-area-of-operation curves 

■ Thermal-cycle rating curves 


RCA29/SDH, RCA29A/SDH, RCA29B/SDH, and RCA29C/ 
SDH are single-diffused hometaxial-base silicon n-p-n tran- 
sistors. These types are essentially hometaxial-base versions of 
the RCA29, RCA29A, RCA29B, and RCA29C epitaxial-base 
types, respectively.* They are intended for a wide variety of 
switching and amplifier applications, such as series and shunt 


regulators and driver and output stages of high-fidelity amp- 
lifiers. These new plastic power transistors differ from each 
other in voltage ratings and in the currents at which the 
parameters are controlled. 

* RCA29-series types are described in RCA data bulletin File No.583. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


COLLECTOR-TO-BASE VOLTAGE V CB0 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open V^EO 

EMITTER-TO-BASE VOLTAGE V EB0 

* CONTINUOUS COLLECTOR CURRENT I c 

CONTINUOUS BASE CURRENT I B 

♦TRANSISTOR DISSIPATION: Pj 

At case temperatures up to 25°C 

At ambient temperatures up to 25°C 


At case temperatures above 25°C 

At ambient temperatures above 25°C . . . Derate linearly 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

TERMINAL TEMPERATURE (During Soldering): 

At distance 1/8 in. (3.17 mm) from case 

for 10 s max 

* Differs from RCA29 Series. 


RCA29/SDH 

RCA29A/SDH RCA29B/SDH 

RCA29C/SDH 


40 

60 

80 

100 

V 

40 

60 

80 

100 

V 

5 

5 

5 

5 

V 

4 

4 

4 

2.5 

A 

1 

1 

1 

1 

A 

36 

36 

36 

50 

W 

1.8 

1.8 

1.8 

See Fio.2 

1.8 

W 


- 0.0144 W/°C 

-65 to 150 °C 


235 °C 
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File No. 792 RCA29/SDH Series 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T C ) = 25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

DC 

VOLTAGE 

(V) 

DC 

CURRENT 

(A) 

RCA29/SDH 

1 

RCA29A/SDH 

VCE 

Veb 

Vbe 

ic 

Ib 

MIN. 

MAX. 

MIN. 

MAX. 

Collector-Cutoff 

Current: 

With base open 

'CEO 

30 




0 

- 

0.3 

- 

0.3 

mA 

With base-emitter 
junction short- 
circuited 

ices 

40 

60 


0 

0 



- 

0.2 

- 

0.2 

Emitter Cutoff Current 

iebo 


5 


0 


- 

1 

- 

1 

mA 

Collector-to- 

Emitter Break- 
down Voltage: 

With base open 

VBR(CEO) 




0.03a 

0 

40 


60 

- 

V 

DC Forward-Current 
Transfer Ratio 

hFE 

4 

4 



0.2 a 

1 a 


40 

15 

- 

40 

15 

- 


Base-to-Emitter Voltage 

VBE 

4 



1 a 


- 

1.3 

- 

1.3 

V 

Collector-to-Emitter 
Saturation Voltage 

VcE(sat) 




1 a 

0.125 

- 

0.7 

- 

0.7 

V 

Common-Emitter, 
Small-Signal, 
Short-Circuit, 
Forward-Cur- 
rent Transfer 

Ratio 

(f = 1 kHz) 

hfe 

10 



0.2 


20 

- 

20 

- 


Magnitude of Common 
Emitter, Small- 
Signal, Short- 
Circuit, Forward- 
Current Transfer 

Ratio (f = 1 MHz) 

1 hfe | 

10 



0.2 


0.8 

- 

0.8 

- 


Unclamped Inductive 
Load Energyh 
(L = 20 mH)See Fig.8 


(V C C) 

10 



1 


- 

32 

- 

32 

mJ 

Saturated Switching 

Time: 

{ R L = 30 12) 

See Figs. 10 and 1 1 
Turn-on time 
(td + t r ) 

Ion 

(Vcc) 

30 



1 

0.1 c 

2.3 

(typ.) 

5 

2.3 

(typ.) 

5 

ps 

Turn-off time 
(t s + tf) 

toff 

(V C C) 

30 



1 

0.1 c 

6 

(typ.) 

15 

6 

(typ.) 

15 

Thermal Resistance: 

Junction-to-Case 

R0JC 






- 

3.5 

- 

3.5 

°C/W 

Junction-to-Ambient 

RflJA 




1 


- 

70 

- 

70 


* Differs from RCA29 Series. b Based upon ability of device to perform in circuit shown in Fig.8. 

a Pulsed: Pulse duration = 300 jus, duty factor = 2%. c = | B ^ = value shown. 
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RCA29/SDH Series File No. 792 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25PC (Cont'd) 


CHARACTERISTIC 


TEST CONDITIONS | 

LIMITS 

UNITS 

SYMBOL 

DC 

VOLTAGE 

(V) 

DC 

CURRENT 

(A) 

RCA29B/SDH 

RCA29C/SDH 

VCE 

VEB 

vbe 

ic 

»B 

MIN. 

MAX. 

MIN. 

MAX. 

Collector-Cutoff 

Current: 

With base open 

•CEO 

60 




0 

- 

0.3 

- 

0.3 

mA 

With base-emitter 
junction short- 
circuited 

ices 

80 

100 


0 

0 



- 

0.2 

- 

0.2 

Emitter Cutoff Current 

•ebo 


5 


0 


- 

1 

- 

1 

mA 

Collector-to- 
Emitter Break- 
down Voltage: 

With base open 

VBR(CEO) 




0.03a 

0 

80 

- 

100 

- 

V 

DC Forward-Current 
Transfer Ratio 

h FE 

4 

4 



0.2 a 

1 a 


40 

15 

- 

40 

15 

- 


Base-to-Emitter Voltage 

vbe 

4 



la 


- 

1.3 

- 

1.3 

V 

Collector-to-Emitter 
Saturation Voltage 

VcE(sat) 




1 a 

0.125 

- 

0.7 

- 

0.7 

V 

Common-Emitter, 
Small-Signal, 
Short-Circuit, 
Forward-Cur- 
rent Transfer 

Ratio 

(f = 1 kHz) 

hfe 

10 



0.2 


20 

- 

20 

- 


! Magnitude of Common 
Emitter, Small- 
Signal, Short- 
Circuit, Forward- 
Current Transfer 

Ratio (f = 1 MHz) 

1 h,e 1 

10 



0.2 


0.8 

- 

0.8 

- 


Unclamped Inductive 
Load Energyb 
(L = 20 mH)See Fig.8 


(V C C) 

10 





- 

32 

- 

32 

mJ 

! Saturated Switching 
Time: 

(RL = 30 £1) 

See Figs. 10 and 1 1 
Turn-on time 
(td + t r ) 

ton 

(V C C) 

30 



1 

0.1 c 

2.3 

(typ.) 

5 

2.3 

(typ.) 

5 


Turn-off time 
(t s +tf) 

toff 

(Vqc) 

30 



1 

0.1 c 

6 

(typ.) 

15 

6 

(typ.) 

15 

/is 

1 Thermal Resistance: 

Junction-to-Case 

R0JC 






- 

3.5 

- 

2.5 


Junction-to-Ambient 

R0JA 






- 

70 

- 

70 

°C/W 


* Differs from RCA29 Family. b Based upon ability of device to perform in circuit shown in Fig.8. 

a Pulsed: Pulse duration = 300 ns, duty factor = 2%. c = *B 2 = value shown. 
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File No. 792 


RCA29/SDH Series 



92CS-24I97 


Fig. 1 - Maximum operating areas for RCA29/SDH, RCA29A/SDH, and RCA29B/SDH. 




Fig.2 — Dissipation and !$/b derating curves for all types. 


Fig.3 — Thermal-cycling rating chart for RCA29/SDH, RCA29A/SDH, 
and RCA29B/SDH. 
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File No. 792 


RCA29/SDH Series 



Fig. 7 — Typical dc beta characteristics for RCA29C/SDH. 




NOTE: TWO 10 mH, O.l I fl CHICAGO STANDARD TRANSFORMER CORP. 

NO. C- 2688, OR EQUIVALENT. 

92CS-20I56RI 

Fig. 9 - Inductive-load switching voltage and current waveforms 
Fig.8 — Circuit for measuring inductive-load switching for all types. (test circuit shown in Fig.8). 



* l B| AND Ib 2 MEASURED WITH TEKTRONIX CURRENT PROBE P60I9 AND 
TYPE 134 AMPLIFIER, OR EQUIVALENT 



92CS-20I53RI Fig. 11 — Phase relationship between input current and output voltage 
showing reference points for specification of switching times 
Fig. 10 — Circuit used to measure switching times for all types. (test circuit shown in Fig. 10). 
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Solid State 
Division 


Power Transistors 

RCA30 RCA30B 
RCA30A RCA30C 



JEDEC TO-220AB 


Epitaxial -Base, Silicon P-N-P 
VERSAWATT Transistors 


For Power-Amplifier and 
High-Speed-Switching Applications 

Features: 

■ 30 W at 25°C case temperature 

■ 3 A rated collector current 

■ Min. f T of 3 MHz at 10 V, 200 mA 

■ Designed for complementary use with RCA29, 
RCA29A, RCA29B, and RCA29C n-p-n types* 


RCA30, RCA30A, RCA30B, and RCA30C are epitaxial-base, 
silicon p-n-p transistors. They are intended for a wide variety 
of switching and amplifier applications, such as series and 
shunt regulators and driver and output stages of high-fidelity 
amplifiers. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE. 

With base open 

EMITTER-TO-BASE VOLTAGE 

CONTINUOUS COLLECTOR CURRENT 

CONTINUOUS BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At ambient temperatures up to 25°C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

LEAD TEMPERATURE (During Soldering): 

At distance 1/8 in. (3.17 mm) from case for lOsmax. . . 


These new plastic power transistors are designed for com- 
plementary use with devices in the RCA29 series. They differ 
from each other in voltage ratings. 

* Technical data for the RCA29-series devices are given in RCA data 
bulletin File 583. 



RCA30 

RCA30A RCA30B 

RCA30C 


V CBO 

-40 

-60 

-80 

-100 

V 

v CEO 

-40 

-60 

-80 

-100 

V 

V EBO 

-5 

-5 

-5 

-5 

V 

*C 

-3 

-3 

-3 

-3 

A 

'b 

-1 

-1 

-1 

-1 

A 

p T 







30 

30 

30 

30 

W 


2 

2 

2 

2 

W 




/!*r- + i _ 


0 




-bo to loU 


C 


M 


— 235 


°c 
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RCA30 RCA30B 
RCA30A RCA30C 


File No. 584 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T C ) = 25°C 




TEST CONDITIONS 

LIMITS 






CUR- 










CHARACTERISTIC 

SYMBOL 

VOLTAGE 

RENT 

RCA30 

RCA30A 

RCA30B 

RCA30C 




Vdc 

A dc 


_ 










V CE 

< 

03 

m 

urn 





m 

MAX. 




Collector-Cutoff Current: 

'CEO 

-30 



- 

-0.3 

- 

-0.3 

- 

- 

- 

- 


With base open 

-60 



- 

- 

- 

- 

- 

-0.3 

- 

-0.3 




-40 

0 


~ 

-0.2 

- 

- 

- 

- 

- 

- 

mA 

With base-emitter junc- 


-60 

0 


- 

- 

- 

-0.2 

- 


- 

- 


tion short-circuited 

>CES 

-80 

0 


- 

- 

- 

- 

- 

-0.2 

- 

- 



-100 

0 


- 

- 

~ 

- 

- 

- 

- 

-0.2 


Emitter-Cutoff Current 

'ebo 


5 

0 

- 

-1 

- 

-1 

- 

-1 

- 

-1 

mA 

Collector-to-Emitter 














Sustaining Voltage: 














With base open 

v CEO< sus ^ 



-0.03 3 

-40 

- 

-60 

- 

-80 

- 

-100 

- 

V 

DC Forward-Current 


- 4 


— 0.2 3 

40 

- 

40 

_ 

40 

_ 

40 

_ 


Transfer Ratio 

hp E 

- 4 


— 1 a 

15 

150 

15 

150 

15 

150 

15 

150 


Base-to-Emitter Voltage 

V B E 

-4 


— 1 a 

- 

-1.3 

- 

-1.3 

- 

-1.3 

- 

-1.3 

V 

Collector-to-Emitter 














Saturation Voltage: 














l B = -125 mA 




— 1 a 

- 

-0.7 

- 

-0.7 

- 

-0.7 

- 

-0.7 

V 

Common-Emitter Small- 














Signal, Short-Circuit, 
Forward Current 
Transfer Ratio: 

f = 1 kHz 

hfe 

-10 


-0.2 

20 


20 


20 


20 



Magnitude of Common- 














Emitter, Small-Signal, 
Short-Circuit, For- 
ward Current Transfer 
Ratio: 
f = 1 MHz 

l h fe| 

-10 


-0.2 

3 


3 


3 


3 



Saturated Switching 














Time (V cc = -30 V, 

R L = 30 n . 














1 B1 = 1 B2 = - 0 - 1 A > : 














Turn-on-time 














td + tr 

l ON 



-1 

0.2 (typ.) 

0.2 (typ.) 

0.2 (typ.) 

0.2 (typ.) 














ps 

Turn-off time 














l s + t f 

t OFF 



-1 

1 (typ.) 

1 (typ.) 

1 (typ.) 

1 (typ.) 


Thermal Resistance: 














Junction-to-Case 

R 0JC 




- 

4.17 

- 

4.17 

- 

4.17 

- 

4.17 

°C/W 

Junction-to- Ambient 

r 0JA 




- 

62.5 

- 

62.5 

- 

62.5 

- 

62.5 


a Pulsed: Pulse duration = 300 ps, duty factor = 2%. 
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PERCENTAGE OF MAXIMUM DISSIPATION AT Tc=25°C OR 
PERCENTAGE OF RATED CURRENT AT SPECIFIED VOLTAGE 


RCA30 RCA30B 
RCA30A RCA30C 


File No. 584 



Fig. 1 — Maximum safe operating areas for all types. 




NUMBER OF THERMAL CYCLES 

92CS-20I52 

Fig. 3 — Thermal-cycling ratings for all types. 
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File No. 584 


RCA30 RCA30B 
RCA30A RCA30C 


V BB * + 4.5V V CC *-30V 



4| Bi AND l B? MEASURED WITH TEKTRONIX CURRENT PROBE 

P6019 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 



92CS-24796 

Fig. 4 — Circuit used to measure saturated switching times for all types. 


Fig. 5 — Oscilloscope display for measurement of switching times. 




Fig. 6 — Typical dc beta characteristics for RCA30, RCA30A, and RCA30B. Fig. 7 — Typical dc beta characteristics for RCA30C. 


TERMINAL CONNECTIONS 

Lead No. 1 — Base 
Lead No. 2 — Collector 
Lead No. 3 — Emitter 
Mounting Flange, Lead No. 4 — Collector 
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File No. 585 



Solid State 
Division 


Power Transistors 

RCA31 RCA31B 
RCA31A RCA31C 



Epitaxial -Base, Silicon N-P-N 
VERSAWATT Transistors 


For Power-Amplifier and 
High-Speed-Switching Applications 

Features: 

■ 40 W at 25°C case temperature 

■ 5 A rated collector current 

■ Min. f T of 3 MHz at 10 V, 500 mA 

■ Designed for complementary use with RCA32, 
RCA32A, RCA32B, and RCA32C p-n-p types* 


RCA31, RCA31A, RCA31B, and RCA31C are epitaxial-base, 
silicon p-n-p transistors. They are intended for a wide variety 
of switching and amplifier applications, such as series and 
shunt regulators and driver and output stages of high-fidelity 
amplifiers. 


These new plastic power transistors are designed for com- 
plementary use with devices in the RCA32 series. They differ 
from each other in voltage ratings. 

* Technical data for the RCA32 -series devices are given in RCA data 
bulletin File 586. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open 

EMITTER-TO-BASE VOLTAGE 

CONTINUOUS COLLECTOR CURRENT 

CONTINUOUS BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At ambient temperatures up to 25°C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

LEAD TEMPERATURE (During Soldering): 

At distance 1/8 in. (3.17 mm) from case for lOsmax. . . 



RCA31 

RCA31A RCA31B 

RCA31C 


V CBO 

40 

60 

80 

100 

V 

v CEO 

40 

60 

80 

100 

V 

V EBO 

5 

5 

5 

5 

V 

>c 

5 

5 

5 

5 

A 

'b 

1 

1 

1 

1 

A 

P T 

40 

40 

40 

40 

W 


2 

2 

2 

2 

W 






°p 




•DO tO 1 DU 






— 235 


°c 
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File No. 585 


RCA31, 31 A, 31 B, 31C 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 2?C 




TEST CONDITIONS 

LIMITS 






CUR- 










CHARACTERISTIC 

SYMBOL 

VOLTAGE 

RENT 

RCA31 

RCA31A 

RCA31B 

RCA31C 

UNITS 



Vdc 

Adc 












< 

n 

m 

V BE 

•c 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


Collector-Cutoff Current: 

'CEO 

30 



- 

0.3 

_ 

0.3 

- 

_ 

_ 

- 


With base open 

60 



- 

- 

- 

- 

- 

0.3 

- 

0.3 




40 

0 


- ' 

0.2 

- 

- 

- 

- 

- 

- 

mA 

With base-emitter junc- 


60 

0 


- 

- 

- 

0.2 

- 

- 

- 

- 


tion short-circuited 

'CES 

80 

0 


- 

- 

- 

- 

- 

0.2 

- 

- 



100 

0 


- 

- 

- 

- 

- 

- 

- 

0.2 


Emitter-Cutoff Current 

'ebo 


-5 

0 

- 

1 

- 

1 

- 

1 

- 

1 

mA 

Col lector-to- Emitter 














Sustaining Voltage: 














With base open 

V C eo< sus > 



0.03 a 

40 

- 

60 

- 

80 

- 

100 

- 

V 

DC Forward-Current 


4 


1 a 

25 

- 

25 

- 

25 

- 

25 

- 


Transfer Ratio 

h FE 

4 


3 a 

10 

50 

10 

50 

10 

50 

10 

50 


Base-to-Emitter Voltage 

< 

CD 

m 

4 


3 a 

- 

1.8 

- 

1.8 

- 

1.8 

- 

1.8 

V 

Collector-to-Emitter 














Saturation Voltage: 














Iq = 375 mA 




3 a 

- 

1.2 

- 

1.2 

- 

1.2 

- 

1.2 

V 

Common-Emitter Small- 














Signal, Short-Circuit, 
Forward Current 

Transfer Ratio: 
f = 1 kHz 

hfe 

10 


0.5 

20 


20 


20 


20 



Magnitude of Common- 














Emitter, Small-Signal, 
Short-Circuit, For- 
ward Current Transfer 
Ratio: 

f = 1 MHz 

1 h fe I 

10 


0.5 

3 


3 


3 


3 



Saturated Switching 














Time (V cc = 30 V, 

R L = 30 £2, 

1 B1 = ! B2 = 0.1 A): 














Turn-on-time 














td + tr 




1 

0.4 (typ.) 

0.4 (typ.) 

0.4 (typ.) 

0.4 (typ.) 

/is 

Turn-off time 













t S + t f 

x OFF 



1 

1.2 (typ.) 

1.2 (typ.) 

1.2 (typ.) 

1.2 (typ.) 


Thermal Resistance: 














Junction-to-Case 

R 0JC 




- 

3.125 

- 

3.125 

- 

3.125 

- 

3.125 

°C/W 

Junction-to- Ambient 

R 0JA 




- 

62.5 

- 

62.5 

- 

62.5 

- 

62.5 



a Pulsed: Pulse duration = 300 /is, duty factor = 2%. 
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PERCENTAGE OF MAXIMUM DISSIPATION AT Tc=25"C OR 


RCA31, 31 A, 31 B, 31C. 


File No. 585 



Fig. 1 — Maximum safe operating areas for all types. 




Fig. 2 — Derating curves for all types. 


Fig. 3 — Thermal-cycling ratings for all types. 



File No. 585 RCA31, 31A, 31B, 31C 


Vbb*~4.5V V CC = + 30V 



20 m s; REP. RATE = 

I kHz) *ADJUST R B FOR l B2 AND R C FOR lc 

*l Bl AND l B , MEASURED WITH TEKTRONIX CURRENT PROBE 
' Z P6019 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 


92CS-24985 

Fig. 4 — Circuit used to measure saturated switching times for all types. 



Fig. 6— Typical dc beta characteristics for RCA31, RCA31A, and RCA31B. 



92CS-24797 


Fig. 5 — Oscilloscope display for measurement of switching times. 



TERMINAL CONNECTIONS 

Lead No. 1 — Base 
Lead No. 2 — Collector 
Lead No. 3 — Emitter 
Mounting Flange, Lead No. 4— Collector 
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File No. 793 



Solid State 
Division 


Power Transistors 

RCA31/SDH RCA31B/SDH 
RCA31 A/SDH RCA31C/SDH 



JEDEC TO-220 AB 


Hometaxial-Base, Silicon N-P-N 
VERSAWATT Transistors 


For Medium-Power Switching and 
Amplifier Applications 

Features: 

■ 50 W at 25° C case temperature 

■ Low saturation voltage 

■ Maximum safe-area-of-operation curves 

■ Thermal-cycle ratings curves 


TERMINAL CONNECTIONS 

Terminal No. 1 — Base 
Terminal No. 2 — Collector 
Terminal No. 3 — Emitter 
Mounting Flange Terminal No. 4 — Collector 


RCA31/SDH, RCA31 A/SDH, RCA31B/SDH, and RCA31C/ 
SDH are single-diffused hometaxial-base, silicon n-p-n tran- 
sistors. These types are essentially hometaxial-base versions of 
the RCA31, RCA31A, RCA31B f and RCA31C epitaxial-base 
types, respectively.* They are intended for a wide variety of 
switching and amplifier applications, such as series and shunt 


regulators and driver and output stages of high-fidelity ampli- 
fiers. These new plastic power-transistors differ from each 
other in voltage ratings and in the currents at which the para- 
meters are controlled. 


• RCA31 -series types are described in RCA data bulletin File No. 585. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


COLLECTOR-TO-BASE VOLTAGE V CBQ 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open ^CEO 

EMITTER-TO-BASE VOLTAGE V EBQ 

* CONTINUOUS COLLECTOR CURRENT I c 

CONTINUOUS BASE CURRENT I B 

TRANSISTOR DISSIPATION: P T 

At case temperatures up to 25 C 

At ambient temperatures up to 25 C 

At case temperatures above 25°C 

At ambient temperatures above 25 C . . .Derate linearly 
TEMPERATURE RANGE: 

Storage and Operating (Junction) 


TERMINAL TEMPERATURE (During Soldering): 

At distance 1/8 in. (3.17 mm) from case for 10 s max. 

^Differs from RCA31 Series. 


RCA31/SDH 

RCA31 A/SDH 

RCA31 B/SDH 

RCA31 C/SDH 


40 

60 

80 

100 

V 

40 

60 

80 

100 

V 

5 

5 

5 

5 

V 

4 

4 

4 

2.5 

A 

1 

1 

1 

1 

A 

36 

36 

36 

50 

W 

1.8 

1.8 

1.8 

1.8 

W 



Pin 9 




0.0144 W/°C 


-65 to 150 °C 

235 °C 
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File No. 793 

ELECTRICAL CHARACTERISTICS, At Case Temperature ( T c ) = 25° C 


CHARACTERISTIC 


Collector-Cutoff Current: 
With base open 


With base-emitter junc- 
tion short-circuited 


Emitter-Cutoff Current 


Collector-to-Emitter 
Breakdown Voltage: 
With base open 


DC Forward-Current 
Transfer Ratio 

Base-to-Emitter Voltage 


. RCA31/SDH Series 


Co 1 1 ecto r-to- E m itter 
Saturation Voltage 

VQfi(sat) 

Common-Emitter, 
Small-Signal, Short, 
Circuit, Forward- 
Current Transfer 

Ratio (f = 1 kHz) 

hfe 

Magnitude of Common- 
Emitter, Small-Signal, 
Short-Circuit, For- 
ward-Current Transfer 
Ratio (f = 1 MHz) 

l h fe| 



Saturated Switching Time: 
(R l = 30£2) 

See Figs. 10 and 1 1 

Turn-on-time 

it d +t r ) 


Turn-off time 
(t s + t,) 



Differs from RCA31 Series. 

■Pulsed: Pulse duration = 300 (Js, duty factor = 2%. 
b Based upon ability of device to perform in circuit shown in Fig. 8. 
c l B-| = I B2 = va l ue shown. 


557 















































RCA31/SDH Series File No. 793 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 25° C (cont'd) 



| 

TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 


DC VOLTAGE 

<Y> 

DC CURRENT 
(A) 

RCA31 B/SDH 

RCA31 C/SDH 

UNITS 


II 

V CE 

IjjP 

i 

m 

'b 

MIN. 

MAX. 

MIN. 

MAX. 


Collector-Cutoff Current: 

mm 











With base open 

mm 

60 




0 

- 

0.3 

- 

0.3 

mA 

With base-emitter junc- 

'CES 

80 


0 



_ 

0.2 

_ 

_ 

tion short-circuited 

100 


0 



- 

- 

- 

0.2 


Emitter-Cutoff Current 

■ebo 


5 


0 


- 

1 

- 

1 

mA 

Collector-to-Emitter 


Ml 

MM 

■ 








Breakdown Voltage: 

With base open 


S 

■ 

1 




■ 


1 


DC Forward-Current 

hFE 

4 



1 a 

■ 

25 


25 

- 


Transfer Ratio 

4 



3 a 


10 

1 

10 

- 


Base-to-Emitter Voltage 


4 



m 


- 

1.8 

- 

1.8 

V 

Collector-to-Emitter 
Saturation Voltage 


■ 



m 


- 

1.2 

- 


V 

Common-Emitter, 







■■1 




■j ■ 

Small-Signal, Short, 
Circuit, Forward- 
Current Transfer 

Ratio (f = 1 kHz) 



l 

1 

I 

1 


- 



■ 

Magnitude of Common- 












Emitter, Small-Signal, 
Short-Circuit, For- 
ward-Current Transfer 
Ratio (f =1 MHz) 



l 

l 

I 

1 


- 

0.8 

- 


Unclamped Inductive 















1 

1 

1 



32 

1 



Saturated Switching Time: 









■ 

■ 


(R l = 30 £2) 

See Figs. 10 and 11 





■ 




1 

■ 


Turn-on-time 


< v cc) 




0.1 c 






tt d +t r ) 

*on 

30 





(typ.) 


(typ.) 



Turn-off time 
(t s + t f ) 

t off 

(V CC ) 

30 



1 

0.1 c 

6 

(typ.) 

15 

6 

(typ. 

15 

Thermal Resistance 












Junction-to-Case 

R 0JC 






- 

3.5 

- 

2.5 

°c/w 

Junction-to- Ambient 

r 0ja 






- 

70 

- 

70 



*Differs from RCA31 Series. 

•Pulsed: Pulse duration = 300 fJs, duty factor = 2%. 
b Based upon ability of device to perform in circuit shown in Fig. 8. 
c lBi = 1 02 ~ value shown. 
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File No. 793 


RCA31/SDH Series 



COLLECTOR-TO-EMITTER VOLTAGE (Vqe) — V 

92CS-24200 


Fig. 1 — Mounting operating areas for RCA31 /SDH, RCA31 A/SDH, and RCA31 B/SDH. 
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NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTK 
OF MAXIMUM-OPERATING-AREA CURVES DO 

NOT DERATE THE SPECIFIED VALUE FOR lc MAX. 
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92CS- 19663 


Fig. 2 — Dissipation and 1^/^ derating curves for all types. 



92CS- 20I08RI 

Fig. 3 — Thermal-cycling rating chart for RCA31/SDH, RCA31 A/SDH, 
and RCA31 B/SDH. 
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CASE TEMPERATURE (T c ) = 25°C | 
8 (CURVES MUST BE DERATED 1 
LINEARLY WITH INCREASE 
6 IN TEMPERATURE) £ 


IC MAX. 
CONTINUOUS 



l*FOR SINGLE 
J NONREPETITIVE 
PULSE 




File No. 793 


RCA31/SDH Series 



Fig. 7 — Typical dc beta characteristics for RCA31 C/SDH. 




: TWO IOmH.O.11 ft CHICAGO STANDARD TRANSFORMER CORP. 
NO. C-2688, OR EQUIVALENT. 


Fig. 9 — Inductive-load voltage and current waveforms 
(test circuit shown in Fig. 8 ). 


Fig. 8 — Circuit for measuring inductive-load switching for all types. 


V cc = + 30 V dc 



* l B| AND l 02 MEASURED WITH TEKTRONIX CURRENT PROBE P60I9 AND 
TYPE 134 AMPLIFIER, OR EQUIVALENT 


92CS-20I55RI 


Fig. 10 — Circuit used to measure switching times for all types. 



Fig. 11 — Phase relationship between input current and output 
voltage showing reference points for specification of 
switching times (test circuit shown in Fig. 10). 


561 



File No. 586 



Solid State 
Division 


Power Transistors 

RCA32 RCA32B 
RCA32A RCA32C 



Epitaxial -Base, Silicon P-N-P 
VERSAWATT Transistors 

For Power-Amplifier and 
High-Speed-Switching Applications 

Features: 

b 40 W at 25°C case temperature 
b 5 A rated collector current 
a Min. f T of 3 MHz at 10 V, 500 mA 
a Designed for complementary use with RCA31, 

RCA31A, RCA31B, and RCA31C n-p-n types* 


RCA30, RCA30A, RCA30B, and RCA30C are epitaxial-base, 
silicon p-n-p transistors. They are intended for a wide variety 
of switching and amplifier applications, such as series and 
shunt regulators and driver and output stages of high-fidelity 
amplifiers. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open 

EMITTER-TO-BASE VOLTAGE 

CONTINUOUS COLLECTOR CURRENT 

CONTINUOUS BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up .to 25°C 

At ambient temperatures up to 25°C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

LEAD TEMPERATURE (During Soldering): 

At distance 1/8 in. (3.17 mm) from case for 10 s max. . . 


These new plastic power transistors are designed for com- 
plementary use with devices in the RCA31 series. They differ 
from each other in voltage ratings. 

* Technical data for the RCA32 series devices are given in RCA data 
bulletin File 583. 



RCA32 

RCA32A 

RCA32B 

RCA32C 


V CBO 

-40 

-60 

-80 

-100 

V 

v CEO 

-40 

-60 

-80 

-100 

V 

V EBO 

-5 

- 5 

-5 

-5 

V 

>c 

-5 

-5 

-5 

-5 

A 

'b 

-1 

-1 

-1 

-1 

A 

p T 

40 

40 

40 

40 

W 


2 

2 

2 

2 

W 






°p 



-03 IU IOO 




M 


235 


°c 


TERMINAL CONNECTIONS 


Lead No. 1 — Base 
Lead No. 2 - Collector 
Lead No. 3 - Emitter 
Mounting Flange, Lead No. 4 — Collector 
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RCA32, 32A, 32B, 32C 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 25° C 




TEST CONDITIONS 

LIMITS 






CUR- 






1 




CHARACTERISTIC 

SYMBOL 

VOLTAGE 

RENT 

RCA32 

RCA32A 

RCA32B 

RCA32C 

UNITS 



Vdc 

Adc 













< 

o 

m 

LU 

CD 

> 

•c 








MAX. 


Collector-Cutoff Current: 

! ceo 

-30 



a 


1 



|| 


B 

mm 

With base open 

-60 



a 



■ 

B 




1 



S3 

0 


n 

web 




wm 


■ 


With base-emitter junc- 


mm 

0 


a 




B 




a 

tion short-circuited 

'CES 

S3 

0 







B 



9bb| 


S3 

0 


a 

■ 

H 


■ 

■ 

B 

-0.2 


Emitter-Cutoff Current 

•ebo 


5 

0 

- 

-1 

- 

-1 

- 

-i 

- 

-1 

BBS! 

Collector-to-Emitter 














Sustaining Voltage: 








ibR 






With base open 

v CEO (sus) 



- 0.03 a 




B 




B 

V 

DC Forward-Current 


-4 


-1 a 








B 


Transfer Ratio 

h FE 

-4 


-3 a 



K1 







Base-to- Emitter Voltage 

V BE 

-4 


-3 a 

- 


- 


- 

B 

- 


aa 

Collector-to-Emitter 













_ 

Saturation Voltage: 














Iq = —375 m A 

pwii 



- 3 a 



- 

-1.2 





1 

Common-Emitter Small- 














Signal, Short-Circuit, 
Forward Current 
Transfer Ratio: 

f = 1 kHz 




-0.5 

20 


20 







Magnitude of Common- 














Emitter, Small-Signal, 
Short-Circuit, For- 
ward Current Transfer 

Ratio: 
f = 1 MHz 

l h fe| 

-10 


-0.5 

3 


3 


3 


3 



Saturated Switching 














Time (V cc = -30 V, 

R l = 30 f2, 














1 B1 = 1 B2 = “O- 1 A ) ; 
Turn-on-time 














td + t r 

*ON 



-1 

0.2 (typ.) 

0.2 (typ.) 

0.2 (typ.) 

0.2 (typ.) 













/IS 

Turn-off time 













t s + t f 

t OFF 



-1 

| 1 (typ.) 

1 (typ.) 

1 (typ.) 

1 (typ.) 


Thermal Resistance: 














Junction-to-Case 

R 0JC 




- 

3.125 

- 

3.125 

- 

3.125 

- 

3.125 

°C/W 

Junction-to- Ambient 

R 0JA 




- 

62.5 

- 

62.5 

- 

62.5 

- 

62.5 



a Pulsed: Pulse duration = 300 /is, duty factor = 2%. 
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RCA32, 32A, 32B, 32C 


Vbb* + 4.5V V CC *-30V 



20fis; REP. RATE 1 

I kHz) * ADJUST R B FOR l 02 AND R C FOR l C 

*I B AND l B , MEASURED WITH TEKTRONIX CURRENT PROBE 

L P6019 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 



92CS-24796 


Fig. 4 — Circuit used to measure saturated switching times for all types. 


Fig. 5 — Oscilloscope display for measurement of switching times. 



Fig. 6— Typical dc beta characteristics for RCA31, RCA31A,and RCA31B. 



Fig. 7 — Typical dc beta characteristics for RCA31C. 
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File No. 587 



Solid State 
Division 


Power Transistors 

RCA 41 RCA41B 
RCA 41 A RCA41C 



Epitaxial -Base, Silicon N-P-N 
VERSAWATT Transistors 

For Power-Amplifier and 
High-Speed-Switching Applications 

Features: 

■ 65 W at 25°C case temperature 

■ 7 A rated collector current 

■ Min.fjof 3 MHz at 10 V, 500 mA 

■ Designed for complementary use with RCA42, RCA42A, 

RCA42B, and RCA42C p-n-p types 


RCA41, RCA41A, RCA41B,and RCA41Care epitaxial-base, 
silicon n-p-n transistors. They are intended for a wide variety 
of switching and amplifier applications, such as series and 
shunt regulators and driver and output stages of high-fidelity 


amplifiers. These new plastic power transistors are designed 
for complementary use with devices in the RCA42 series.® 
They differ from each other in voltage ratings. 

• RCA42-series transistors are described in RCA data bulletin 
File No. 588. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open 

EMITTER-TO-BASE VOLTAGE 

CONTINUOUS COLLECTOR CURRENT 

PEAK COLLECTOR CURRENT 

CONTINUOUS BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25° C 

At ambient temperatures up to 25°C 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

LEAD TEMPERATURE (During Soldering): 

At distance 1/8 in. (3.17 mm) from case for 10 s max. 



RCA41 

RCA41A 

RCA41B 

RCA41C 


VCBO 

40 

60 

80 

100 

V 

VCEO 

40 

60 

80 

100 

V 

v EBO 

5 

5 

5 

5 

V 

ic 

7 

7 

7 

7 

A 


10 

10 

10 

10 

A 

IB 

3 

3 

3 

3 

A 

PT 

65 

65 

65 

65 

W 


2 

2 

2 

2 

W 


-65 to 150 ► °C 


235 ► °C 


566 


2-74 





File No. 587 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 25°C 


RCA41, RCA41A, RCA41B, RCA41C 


TEST CONDITIONS LIMITS 

DC DC I 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT RCA41 RCA41A RCA41B RCA41C UNITS 













RCA41, RCA41A, RCA41B, RCA41C 


File No. 587 



92CS- 20135 


Fig. 1 —Maximum safe operating areas for all types 



Fig. 2— Derating curves for all types. 



Fig. 3— Thermal-cycling ratings for all types. 
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File No. 587 


RCA41, RCA41A, RCA41B, RCA41C 




Fig. 4— Typical dc beta characteristics for all types. 


92CS-23337 

Fig. 5— Circuit used to measure switching times for all types. 



TERMINAL CONNECTIONS 

Lead No. 1— Base 
Lead No. 2— Collector 
Lead No. 3— Emitter 
Mounting Flange, Lead No. 4— Collector 


Fig. 6— Phase relationship between input and output currents 
showing reference points for specification of switching 
times (Test circuit shown in Fig. 5). 
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File No. 794 


0Q(M] 

Solid State 
Division 


Power Transistors 

RCA41 A/SDH 
RCA41/SDH RCA41B/SDH 



Hometaxial-Base, Silicon N-P-N 
VERSAWATT Transistors 


For Medium-Power Switching and 
Amplifier Applications 

Features: 

■ 75 W at 25°C case temperature 

■ Low saturation voltage 

■ Maximum safe-area-of-operation curves 

■ Thermal-cycle rating curves 


TERMINAL CONNECTIONS 

Terminal No. 1 — Base 
Terminal No. 2 — Collector 
Terminal No. 3 — Emitter 
Mounting Flange Terminal No. 4 — Collector 


RCA41/SDH, RCA41 A/SDH, and RCA41B/SDH are single- 
diffused hometaxial-base, silicon n-p-n transistors. These 
types are essentially hometaxial-base versions of the RCA41, 
RCA41A, and RCA41B epitaxial-base types, respectively. 0 
They are intended for a wide variety of switching and amplifier 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open 

EMITTER-TO-BASE VOLTAGE 

* CONTINUOUS COLLECTOR CURRENT 

* CONTINUOUS BASE CURRENT 

* TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At ambient temperatures up to 25°C 

At case temperatures above 25 C 

At ambient temperatures above 25°C Derate linearly . . 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

TERMINAL TEMPERATURE (During Soldering): 

At distance 1/8 in. (3.17 mm) from case for 10 s max 

* Differs from RCA41 Series. 


applications, such as series and shunt regulators and driver and 
output stages of high-fidelity amplifiers. These new plastic 
power transistors differ from each other in voltage ratings. 


*RCA-41 series types are described in RCA data bulletin File No. 587. 



RCA41/SDH 

RCA41 A/SDH 

RCA41B/SDH 


V CBO 

40 

60 

80 

V 

V CEO 

40 

60 

80 

V 

V EBO 

5 

5 

5 

V 

■c 

16 

10 

10 

A 

! b 

4 

4 

4 

A 

P T 

75 

75 

75 

W 


1.8 

1.8 

1.8 

W 


- See Fig. 2 

— 0.0144 W/°C 

-65 to 150 °C 

235 °C 


I 
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RCA41/SDH Series . 


. File No. 794 


8 CASE TEMPERATURE (Tc) = 25°C 

(CURVES MUST BE DERATED LINEARLY 
6 WITH INCREASE IN TEMPERATURE) 
















File No. 794 


RCA41/SDH Series 


o 
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5 

COLLECTOR-TO-EMITTER VOLTAGE <V CE )*4 V 
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Fig. 4 — Typical dc-beta characteristics for all types. 



NOTE-’ TWO IOmH.O.11 fi CHICAGO STANDARD TRANSFORMER CORP. 
NO. C- 2688, OR EQUIVALENT. 


92CS-20I38 

Fig. 5 — Circuit for measuring inductive-load switching for all types. 



92CS- 23337 


Fig. 7 — Circuit used to measure switching times for all types. 



92CS-20I39 


Fig. 6 — Inductive-load switching voltage and curve waveforms 
(test circuit shown in Fig. 5). 



Fig. 8 — Phase relationship between input and output currents 
showing reference points for specification of switching 
times (test circuit shown in Fig. 7 ). 
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File No. 588 


OUQBZII 

Solid State 
Division 


Power Transistors 

RCA42 RCA42B 
RCA42A RCA42C 



Epitaxial -Base, Silicon P-N-P 
VERSAWATT Transistors 

For Power-Amplifier and 
High-Speed-Switching Applications 

Features: 

■ 65 W at 25° C case temperature 

■ 7 A rated collector current 

■ Min. f T of 3 MHz at 10 V, 500 mA 

■ Designed for complementary use with RCA41, 

RCA41A, RCA41B, and RCA41C n-p-n types. 


RCA42, RCA42A, RCA42B, and RCA42C are epitaxial-base, 
silicon p-n-p transistors. They are intended for a wide variety 
of switching and amplifier applications, such as series and 
shunt regulators and driver and output stages of high-fidelity 
amplifiers. 


These new plastic power transistors are designed for com- 
plementary use with devices in the RCA41 series* They 
differ from each other in voltage ratings. 

• RCA41-series transistors are described in RCA data bulletin 
File No. 587. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open 

EMITTER-TO-BASE VOLTAGE 

CONTINUOUS COLLECTOR CURRENT 

PEAK COLLECTOR CURRENT . . 

CONTINUOUS BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At ambient temperatures up to 25°C 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

LEAD TEMPERATURE (During Soldering): 

At distance 1/8 in. (3.17 mm) from case for 10 s max. 



RCA42 

RCA42A 

RCA42B 

RCA42C 


v CBO 

-40 

-60 

-80 

-100 

V 

v CEO 

-40 

-60 

-80 

-100 

V 

vebo 

-5 

-5 

-5 

-5 

V 

ic 

-7 

-7 

-7 

-7 

A 


-10 

-10 

-10 

-10 

A 

IB 

-3 

-3 

-3 

-3 

A 

P T 

65 

65 

65 

65 

W 


2 

2 

2 

2 

W 






0 




-65 to 1 50 — 


C 


M 


— 235 


°c 
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File No. 588 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T C )=25°C 


RCA42 RCA42B 
RCA42A RCA42C 




TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 

SYMBOL 

DC 

VOLTAGE 

(V) 

DC CURRENT 
(A) 

RCA42 

RCA42A 

RCA42B 

RCA42C 

UNITS 



V CE 

V BE 

«C 

•b 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


Collector-Cutoff Current: 


-30 



0 

_ 

-0.7 

_ 

-0.7 

_ 

_ 

_ 

_ 


With base open 

'CEO 

-60 



0 






-0.7 


-0.7 




-40 

0 



- 

-0.4 

- 

- 

- 

- 

- 

- 

mA 

With base-emitter junc- 

'CES 

-60 

0 



- 

_ 

- 

-0.4 

- 

- 

- 

- 


tion short-circuited 

-80 

0 



- 

- 

- 

- 

- 

-0.4 

- 

- 




-100 

o 



- 

- 

- 

- 

- 

- 

- 

-0.4 


Emitter-Cutoff Current 

'ebo 


5 

0 


- 

-1 

- 

-1 

- 

-1 

- 

-1 

mA 

Col lector-to-E mitter 















Sustaining Voltage: 

With base open 

v CE0 ( sus ) 



-0.03 a 

0 

^10 


-60 


-80 


-100 

“ 

V 

DC Forward-Current 


-A 


-0.3 a 


30 

_ 

30 

_ 

30 

_ 

30 

_ 


Transfer Ratio 

h FE 

-4 


-3 a 


15 

150 

15 

150 

15 

150 

15 

150 


Base-to-Emitter Voltage 

< 

00 

m 

-4 


-6 a 


- 

-2.2 

- 

-2.2 

- 

-2.2 

- 

-2.2 

V 

Collector-to-Emitter 
Saturation Voltage 

V CE (sat) 



-6 a 

-0.6 

- 

-2 

- 

-2 

- 

-2 

- 

-2 

V 

Common-Emitter- 

Small-Signal, 

Forward-Current 

Transfer Ratio 
(f = 1 kHz) 

h fe 

-10 


-0.5 


20 

- 

20 

- 

20 

- 

20 

- 



Magnitude of Common- 















Emitter, Small-Signal, 
Forward-Current 

'hfe' 

-10 


-0.5 


3 


3 


3 


3 



Transfer Ratio 
(f=1 MHz) 















Saturated Switching Time: 















(R l = 5 n) 

See Figs. 5 and 6 















Turn-on time 
l d + t r 

l ON 

(Vcc> 

-30 


-6 

— 0.6 b 

0.3 (typ.) 

0.3 (typ.) 

0.3 (typ.) 

0.3 (typ.) 
















MS 

Turn-off time 

t S + t f 

t OFF 

(Vcc) 

-30 


-6 

% 

o' 

1 

0.7 (typ.)' 

0.7 (typ.) 

0.7 (typ.) 

0.7 (typ.) 

Thermal Resistance: 















Junction-to-Case 

1 

R 0JC 






1.92 

- 

1.92 

- 

1.92 

- 

1.92 

°C/W 

Junction-to-Ambient 

R 0JA 






62.5 

- 

62.5 

- 

62.5 

- 

62.5 


a Pulsed: Pulse duration = 300 ms, duty factor ^2% 

b l R = Ip = value shown 
B 1 °2 
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RCA42A RCA42C 
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Fig. 1 — Maximum safe operating areas for all types. 
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NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTIOI 
OF MAXIMUM-OPERATING-AREA CURVES DO 

NOT DERATE THE SPECIFIED VALUE FOR lc MAX. 

_ 















_ 








T 






"T I 













:: 


:4 






::: 















T 






:: 












%£'°° 

-- 


i 






= = 












Q UJ 

-- 


■+ 

Lt 

IM 



MMI 

III 


!Sj 










58; 

IMI 



■1 

1.1 



TT 

rn 

T 










T «r 




■1 

IM 


T > 

H 4/a. 

7M 











2° 75 





m 


± 














X ° 


IMI 


■1 


IM*. 

s 


IhT 












< y 


J_L 

it 



-Ly/ 



IT 


JI 












IMI 

mi 


IM 






lh. 










tc 

u 

mi 

mi 



!■■ 



Ti 

TTT 













mi 

mi 


±± 


| ■ *> 















■1 

■Ml 

■Ml 

■1 

:: 


-=R- 



m 



SS! 









- 

■Ml 

tt 


■ 


_-i± 

1 y*> 

brr 



SS 









■1 

IMI 

mi 

Ml 

■ 


!■■■ 

■■1 




IMI 











■■i 

■1 

■ 



■■1 

Ml 


■1 

■1 

TX 








cc # 

:5 



ii 

M 

■■■ 

SSSS 

::: 

SS 

SS! 

Ml 

Ml 

IM 





:i; 



a St 

*T 



■1 

IM 

is: 

SSSS 

±t 

ss 


■1 

Ml 

1 ” 



-ft 






0 25 50 75 100 125 150 175 200 

CASE TEMPERATURE (Tc)-°C 

92CS-I9663 



92CS-I9822 


Fig. 2-Derating curves for all types. 


Fig. 3— Thermal-cycling ratings for all types. 
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92CS- I9576R I 

Fig. 4— Typical dc beta characteristics for RCA42, RCA42A, and RCA42B. 



Fig. 5 — Typical dc beta characteristics for RCA42C. 



» R C IS CHOSEN FOR I c 

t Vee and Vbb are MEASURED FOR Xb, AND Xb 2 
lB| and Ib 2 ARE MEASURED WITH TEKTRONIX CURRENT PROBE P-6019 
AND TYPE 134 AMPLIFIER, OR EQUIVALENT 92CS-23338RI 



Fig. 7— Phase relationship between input current 
and output voltage showing reference 
points for specification of switching 
times (test circuit shown in Fig. 6). 


Fig. 6— Circuit used to measure switching times for all types. 


TERMINAL CONNECTIONS 

Lead No, 1 — Base 
Lead No. 2 — Collector 
Lead No. 3 — Emitter 
Mounting Flange, Lead No. 4 — Collector 
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File No. 840 


Power Transistors 
RCA120 
RCA121 
RCA122 

8-Ampere N-P-N Darlington 
Power Transistors 

60-80-100 Volts, 60 Watts 
Gain of 500 at 0.5 A 
Gain of 1000 at 3 A 


Features: Applications: 

■ Operates from 1C without predriver ■ Power switching ■ Audio amplifiers 

h Low leakage at high temperature ■ Hammer drivers 

■ High reverse second-breakdown capability ■ Series and shunt regulators 

The RCA120, RCA121, and RCA122 are monolithic n-p-n 
silicon Darlington transistors designed for low- and medium- 
frequency power applications. The double epitaxial con- 
struction of these devices provides good forward and reverse 
second-breakdown capability; their high gain makes it pos- 
sible for them to be driven directly from integrated circuits. 

These devices are supplied in the JEDEC TO-220AB straight- 
lead version of the VERSAWATT package. Optional lead 
configurations are available upon request. For information, 
contact your nearest RCA Sales Office. 

The RCA120 and RCA121 are n-p-n complements of the 
RCA125 and RCA126 described in File 841. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


RCA120 

RCA121 

RCA122 


COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

v CBO 

60 

80 

100 

V 

With external base-to-emitter resistance 






(R B e) = 100 £2, sustaining 

VcER< sus ) 

60 

80 

100 

V 

With base open, sustaining 

v CEO< sus l 

60 

80 

100 

V 

With base reverse-biased V0g = -1.5 V 

V CEX 

60 

80 

100 

V 

EMITTER-TQ-BASE VOLTAGE 

v EBO 

5 

5 

5 

V 

CONTINUOUS COLLECTOR CURRENT 

<C 

8 

8 

8 

A 

PEAK COLLECTOR CURRENT 

'cm 

10 

10 

10 

A 

CONTINUOUS BASE CURRENT 

'b 

0.25 

0.25 

0.25 

A 

TRANSISTOR DISSIPATION: 

Pt 





At case temperatures up to 25 C 

At case temperatures ahnve 9R C. 


60 

60 

. gee Fig. 3 — — — 

60 

W 

TEMPERATURE RANGE: 






Storage and Operating (Junction) 



05 to “f - 1 50 — — 


° C 

LEAD TEMPERATURE (During Soldering): 






At distances >1/8 in (3.17 mm) from case for 10 s max. 



235 


°C 





Solid State 
Division 
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File No. 840 RCA120-RCA122 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C 




TEST CONDITIONS 



LIMITS 








__ 

... 











VOLTAGE 

CURRENT 








CHARACTERISTICS 

SYMBOL 

Vdc 

A dc 

RCA120 

RCA121 

RCA 122 

UNITS 



Vce 

Vbe 

«C 

'B 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 




60 




_ 

0.2 

_ 

_ 

_ 

_ 


Collector-Cutoff Current: 

•CBO 

80 







0.2 




With emitter open 


100 




- 

- 

- 


- 

0.2 

mA 















30 



0 

- 

0.5 

- 

- 

- 

- 


With base open 

'CEO 

40 



0 

- 

- 

- 

0.5 

- 

- 




50 



0 

- 

- 

- 

- 

- 

0.5 


Emitter-Cutoff Current 

lEBO 


-5 

0 


- 

3 

- 

3 

- 

3 

mA 

Collector-to-Emitter 













Sustaining Voltage: 

With base open 

v CEO< su s) 



0.2a 

0 

60 

_ 

80 

_ 

100 

_ 

V 

DC Forward Current 

hFE 

3 


3a 


1000 

— 

1000 

_ 

1000 

- 


Transfer Ratio 

3 


0.5a 


500 

- 

500 

- 

500 

- 


Base-to-Emitter Voltage 

Vbe 

3 


3a 


- 

2.5 

- 

2.5 

- 

2.5 

V 

Collector-to-Emitter 

VcE(sat) 



3a 

0.012 

_ 

2 

_ 

2 

_ 

2 


Saturation Voltage 



5a 

0.02 

- 

3 

- 

3 

- 

3 

V 

Common-Emitter, Small- 













Signal, Short-Circuit 
Forward Current 

Transfer Ratio: 
f = 1 kHz 

bfe 

5 


1 


1000 

- 

1000 

- 

1000 



Magnitude of Common- 
Emitter, Small-Signal, 
Short-Circuit, Forward 
Current Transfer Ratio: 
f = 1.0 MHz 

Ihfel 

5 


1 


20 

- 

20 

- 

20 



Common Base Output 
Capacitance: 

Vcb = 10 V, f = 1 MHz 

C 0 b 





- 

200 

- 

200 

- 

200 

PF 

Second Breakdown 













Energy: 

With base reverse-biased 

Es/b b 


-1.5 

4.5 


120 


120 


120 


mJ 

and L= 12 mH, 

RBE = TOO £2 













Forward-Bias Second 
Breakdown Collector 
Current: 

t = 0.5-s nonrepetitive 

'S/b 

26.5 




2.25 

- 

2.25 

- 

2.25 

- 

A 

Thermal Resistance: 













Junction-to-Case 

R 0JC 





- 

2.1 

- 

2.1 

- 

2.1 

°C/W 


a Pulsed: Pulse duration = 300 (Is, duty factor = 1.8%. 

b Eg/b is defined as the energy at which second breakdown occurs under specified reverse bias conditions. 
Eg/b 1/2L|2 where L is a series load or leakage inductance, and I is the peak collector current. 


TERMINAL CONNECTIONS 

Lead No. 1 — Base Lead No. 3 — Emitter 

Lead No. 2 — Collector Mounting Flange, Lead No. 4 — Collector 


579 




COLLECTOR CURRENT (I 


RCA1 20-RCA1 22 


File No. 840 



COLLECTOR -TO -EMITTER VOLTAGE (V CE ) — V 


Fig. 2— Maximum operating areas for all types. 




Fig. 3-Dissipation derating curve for all types. 


Fig. 4-Typical dc beta characteristics for all types. 






SMALL-SIGNAL CURRENT GAIN (h fe ) 


File No. 840 


RCA120-RCA122 



COLLECTOR-TO -EMITTER VOLTAGE (V CE )— V 

92CS- 24903 


Fig. 5— Maximum operating areas for all types at Tq~ 100°C. 



o.oi 


0.1 

FREQUENCY (f)-MHZ 


10 


92CS-24609 



Fig. 6— Typical small-signal current gain for all types. 


Fig. 7— Typical saturation characteristics for all types. 
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Fig. 8— Typical input characteristics for all types. 



Fig. 10-Typical transfer characteristics for all types. 



REP. RATE = 200 Hz 

* lB| AND Ib 2 are MEASURED WITH TEKTRONIX CURRENT 
PROBE P60I9 AND TYPE 134 AMPLI FIER, OR EQUIVALENT 

92CS- 20699RI 

Fig. 12— Circuit used to measure saturated switching times. 
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Fig. 9— Typical output characteristics for all types. 




Fig. 13— Phase relationship between input current and output cur- 
rent showing reference points for specif ication of switching 
times (test circuit shown in Fig. 12). 
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File No. 841 

DUtEZ/D 

Solid State 
Division 


Power Transistors 
RCA125 RCA126 


8-Ampeire P-N-P Darlington 


Collector RCA 125 



TO-220AB H-1535R1 


Collector Also Available 



TO-220AA H-1534R1 


Power Transistors 

60 and 80 Volts, 60 Watts 
Gain of 1000 at 3 A 
Gain of 500 at 0.5 A 

Features: 

n Operates from IC without predriver 
n Low leakage at high temperature 
n High reverse second-breakdown capability 


Applications: 

a Power switching a Audio amplifiers 
a Hammer drivers 
° Series and shunt regulators 


The RCA125 and RCA126 are monolithic p-n-p silicon 
Darlington transistors designed for low- and medium-fre- 
quency power applications. The high gain of these devices 
makes it possible for them to be driven directly from inte- 
grated circuits. 

These devices are supplied in the JEDEC TO-220 AB straight- 
lead version of the VERSAWATT package. Optional lead 
configurations are available upon request. For information, 
contact your nearest RCA Sales Office. 

RCA125 and RCA126 are p-n-p complements of the RCA 
120 and RCA121 described in File No. 840. 



Fig. 1 —Schematic diagram for all types. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open 

EMITTER-TO-BASE VOLTAGE 

CONTINUOUS COLLECTOR CURRENT 

PEAK COLLECTOR CURRENT 

CONTINUOUS BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25 C 

At case temperatures above 25 C 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

LEAD TEMPERATURE (During Soldering): 

At distance 1/8 in. (3.17 mm) from case for 10 s max. 


VCBO 

RCA125 

-60 

RCA126 

-80 

V 

v CEO 

-60 

-80 

V 

Vebo 

-5 

-5 

V 

'c 

-8 

-8 

A 

'CM 

-15 

-15 

A 

>B 

-0.25 

-0.25 

A 

PT 

60 

60 

W 


See Fig. 5 

65 to 150 °C 

235 °C 
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RCA125, RCA126 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C 




TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 

SYMBOL 

VOLTAGE 

Vdc 

CURRENT 

Adc 

RCA125 

RCA126 

UNITS 



VcE 

veb 

ic 

•b 

MIN. 

MAX. 

MIN. 

MAX. 


Collector-Cutoff Current: 











With base open 

•CEO 

-30 



0 

- 

-0.5 

- 

- 




-40 



0 

- 

- 

- 

-0.5 


Emitter-Cutoff Current 

'EBO 


-5 

0 


- 

-10 

- 

-10 

mA 

Col lector-to-E m itter 











Voltage: 

With base open 

VCEO 



- 0 . 03 a 

0 

-60 

_ 

-80 

_ 

V 

DC Forward-Current 

h F £ 

-3 


- 0 . 5 a 


500 

_ 

500 

_ 


Transfer Ratio 

-3 


- 3 a 


1000 

- 

1000 

- 


Base-to-Emitter Voltage 

vbe 

-3 


- 3 a 


- 

-2.5 

- 

-2.5 

V 

Collector-to-Emitter 

VcE(sat) 



- 3 a 

-0.012 

- 

-2 

- 

-2 


Saturation Voltage 



- 5 a 

-0.02 

- 

-4 

- 

-4 

V 

Common-Emitter-Small- 











Signal, Forward-Current 
Transfer Ratio: 
f = 1 kHz 

hfe 

-5 


-1 


1000 

- 

1000 

- 


Magnitude of Common- 











Emitter, Small-Signal, 
Forward-Current 

Transfer Ratio: 
f = 1 MHz 

Ihfel 

-5 


-1 


20 

- 

20 

- 


Forward-Bias Second- 











Breakdown Collector 
Current: 

1-s nonrepetitive pulse 

'S/G 

-20 


i 


-3 

- 

-3 

- 

A 

Saturated Switching Time b 











(Vcc = -20V;R L = 

20 = 1B2): 











Turn-on time, td + t r 




-3 

-0.012 

1 (typ.) 

1 (typ.) 


Turn-off time, t s + tf 

^FF 



-3 

0.012 

3 (typ.) 

3 (typ.) 

ps 

Thermal Resistance: 











Junction-to-Case 

R0JC 





- 

2.1 

- 

2.1 

°C/W 


a Pulsed: Pulse duration = 300 /is, duty factor ^2% bgee Figs. 9, 10, and 1 1 



Fig. 2— Typical input characteristics for both types. 
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COLLECTOR-TO-EMITTER VOLTAGE (V CE ) — V 

92CS- 24909 


Fig. 4— Maximum operating areas for both types. 



92CS- 20 696RI 


Fig. 5— Dissipation derating curve for both types. 



92CS -20933 

Fig. 6— Thermal-cycling rating chart for both types. 
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Fig. 7— Typical dc beta characteristics for both types. 



92CS-20872 


Fig. 8— Typical transfer characteristics for both types. 



COLLECTOR CURRENT (I c ) — A 

92CS- 20868 


Fig. 9— Typical saturated switching-time characteristics for both types. 


TERMINAL CONNECTIONS 
JEDEC TO-220AB 


Lead No.1 — Base 
Lead No.2 — Collector 
Lead No.3 - Emitter 
Mounting Flange — Collector 



20 pS NEGATIVE VOLTAGE 
REP. RATE = 200 Hz 

* I B| AND Ib 2 ARE MEASURED WITH TEKTRONIX CURRENT 
PROBE P60I9 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 

92CS- 20944RI 


Fig. 10— Circuit used to measure saturated switching times. 



92CS-I3996RI 

Fig. 1 1— Phase relationship between input current and output cur- 
rent showing reference points for specification of switching 
times (test circuit shown in Fig. 10). 
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Solid State 
Division 


Power Transistors 
RCA410 



High-Voltage, High-Power 
Silicon N-P-N Power Transistor 

For Switching and Linear Applications in 
Military, Industrial, and Commercial Equipment 


Features: 

a Maximum safe-area-of-operation curves 
a Low saturation voltage: VcEl sat ) = 0-8 V (max.) 
a High voltage rating: VcEO( sus ) = 200 V 
a High dissipation rating: Py = 125 W 


RCA-410 is an epitaxial silicon n-p-n power transistor 
utilizing a multiple-emitter-site structure. This device 
employs the popular JEDEC TO-3 package. 

Featuring high breakdown-voltage ratings and low saturation- 


voltage values, the RCA-410 is especially suitable for use in 
inverters, deflection circuits, switching regulators, high- 
voltage bridge amplifiers, ignition circuits, and other high- 
voltage switching applications. 


MAXIMUM RATINGS, Absolute-Maximum Values: 
COLLECTOR-TO-BASE 

VOLTAGE, V C BO 200 V 


PIN TEMPERATURE (During Soldering): 

At distances > 1 /32 in. (0.8 mm) 

from case for 10 s max 230 °C 


COLLECTOR-TO-EMITTER 
SUSTAINING VOLTAGE 

With base open, Vceo( sus ) . 200 V 

EMITTER-TO-BASE VOLTAGE, V EBO 5 V 

COLLECTOR CURRENT: 

Continuous, Iq 7 A 

Peak 10 A 

BASE CURRENT (Continuous). I B 2 A 


TRANSISTOR DISSIPATION. P T : 

At case temperatures up to 25 C 

and Vqe up to 75 V 

At case temperatures up to 25 °C 

and Vqe above 75 V 

At case temperatures above 25°C 
and Vce above 75 V 

TEMPERATURE RANGE: 

Storage & Operating (Junction) —65 to +200 °C 


125 W 

... See Fig. 2. 

.See Figs. 1 & 2. 



92CS-I9296 


Fig. 1— Dissipation and current derating curves. 
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Collector-to-Emitter Sustaining 
Voltage: 

With base open 
(See Figs. 3 & 4.) 


Collector-to-Emitter Saturation 
Voltage 


Second-Breakdown Collector Current: 
(With base forward-biased) 

PuIsp duration (non-repetitive) = 1 s 
Gain-Bandwidth Product 


Switching Time: 

Obi = O- 1 A « *B2 = — 0.5 > 


(See Figs. 10, 12, & 13.) 
Storage 

(See Figs. 11, 12, & 13.) 


(See Figs. 9, 12, & 13.)' 


Thermal Resistance (Junction-to-Case) 


a Pulsed; pulse duration < 350 p s, duty factor = 2% 


“CAUTION: The sustaining voltage VcEO^ sus ^ MUST NOT be measured on a curve tracer. The 
sustaining voltage should be measured by means of the test circuit shown in Fig. 3. 


c lg/b is defined as the current at which second breakdown occurs at a specified collector voltage 
with the emitter-base junction forward-biased for transistor operation in the active region. 


588 























File No. 509 


RCA410 


PULSE OPERATION* 



2 468 2 468 2 468 

I 10 100 1000 

COLLECTOR - TO - EMITTER VOLTAGE (V CE )— V 

92CS- 19249 


Fig. 2— Maximum operating areas. 



9 2 CS- 19286 


Fig.3— Circuit used to measure sustaining voltage, VcEO( sus )■ 



COLLECTOR -TO -EMIT TER 
VOLTAGE IV CE ) —V 

THE SUSTAINING VOLTAGE V CE0 (sus) IS 
ACCEPTABLE WHEN THE TRACE FALLS 
TO THE RIGHT AND ABOVE POINT “A" 


Fig.4— Oscilloscope display for measurement of sustaining 
voltage (test circuit shown in Fig. 3). 



RCA410 
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92CS-I9026 



Fig.5— Typical dc beta characteristics. 


Fig.6— Typical output characteristics. 



92SS-4O70RI 


Fig. 7— Typical transfer characteristics. 
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1.5 

PULSE DURATIONS 20 /x« 

REPETITION RATE- 100 Hz 

COLLECTOR -SUPPLY VOLTAGE (V C C> * 175 
DC BETA -I C /I B| -I0 5 I B - -I 02 /5 
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Fig. 10— Typical rise time us. collector current. 
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Fig. 1 1— Typical storage time vs. collector current. 



*I B] AND Ib 2 MEASURED WITH TEKTRONIX CURRENT PROBE P6019 OR EQUIVALENT 

Fig. 12— Circuit used to measure switching times. 



92SS-4085 

Fig. 13— Phase relationship between input and output 
currents showing reference points for speci- 
fica tion o f swi tching times. Test circui t 
shown in Fig. 12). 


TERMINAL CONNECTIONS 

Pin 1 - Base 
Pin 2 — Emitter 

Mounting Flange, Case — Collector 
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Solid State 
Division 


Power Transistors 
RCA411 



High-Voltage, High-Power 
Silicon N-P-N Power Transistor 

For Switching and Linear Applications in 
Military, Industrial, and Commercial Equipment 


Features: 

■ Maximum safe-area-of-operation curves 

■ Low saturation voltage: VcE<$at) = 0.8 V (max.) 

■ High voltage rating: VcEO< sus ) = 300 v 

■ High dissipation rating: Pj = 125 W 


RCA-411 is an epitaxial silicon n-p-n power transistor 
utilizing a multiple-emitter-site structure. This device 
employs the popular JEDEC TO-3 package. 

Featuring high breakdown-voltage ratings and low saturation- 


MAXIMUM RATINGS, Absolute-Maximum Values: 


COLLECTOR-TO-BASE 

VOLTAGE, VcbO 300 V 

COLLECTOR-TO-EMITTER 
SUSTAINING VOLTAGE: 

With base open, VcEO^ sus i 300 V 

EMITTER-TO-BASE 

VOLTAGE, VebO 5 V 

COLLECTOR CURRENT: 

Continuous, Iq 7 A 

Peak 10 A 

BASE CURRENT (Continuous), lg 2 A 


TRANSISTOR DISSIPATION, P T : 

At case temperatures up to 25 C 

and VcEE up to 75 V 

At case temperatures up to 25 C 

and Vqe above 75 V 

At case temperatures above 25°C 
and Vqe above 75 V 

TEMPERATURE RANGE: 

Storage & Operating (Junction) _65 to +200 °C 


voltage values, the RCA-41 1 is especially suitable for use in 
inverters, deflection circuits, switching regulators, high- 
voltage bridge amplifiers, ignition circuits, and other high- 
voltage switching applications. 


PIN TEMPERATURE (During Soldering): 

At distances >1/32 in. (0.8 mm) 
from case for 10 s max 230 °C 



92CS- 19296 

Fig. 1 — Dissipation and current derating curves. 


125 w 

... See Fig. 2. 

See Figs. 1 & 2. 
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ELECTRICAL CHARACTERISTICS, Case Temperature (Tq) = 25°C Unless Otherwise Specified 


Characteristic 

Symbol 

Test Conditions 

Limits 

Units 

DC 

Voltage 

(V) 

DC 

Current 

(A) 

V CE 

Vbe 

•c 

<B 

Min. 

Typ. 

Max. 

Collector-Cutoff Current: 

With hase open 

'CEO 

300 




_ 

_ 

0.25 

mA 

With base-emitter junction 
reverse-biased 

'CEV 

300 

1.5 



- . 

- 

0 25 

With base-emitter junction 
reverse-biased & Tq - 125°C 

'CEV 





- 

- 


Emitter-Cutoff Current 

'EBO 


-5 



- 

- 

5.0 

mA 

DC Forward-Current 

Transfer Ratio 

h FE 

5 

5 


1.0 3 

2.5a 


30 

10 

_ 

90 


Collector-to-Emitter Sustaining 

Voltage: 

With base open 
(See Figs. 3 & 4.) 

V C EO (sus > b 



0.1 


300 b 

- 

- 

V 

Rase-to-Emitter Saturation Voltage 

V be (sat) 



1.0 a 

0.1 

- 

0.9 

1.5 

V 

Collector-to-Emitter Saturation 

Voltage 

VCE^ sat ^ 



1.0 a 

0.1 

_ 

0.2 

0.8 

V 

Second-Breakdown Collector Current: 
jWith base forward-biased) 

Pulse duration (non-repetitive) = 1 s 

'S/b C 

150 




0.3 

- 

- 

A 

Gain-Bandwidth Product 

*T 

10 


0.2 


- 

2.5 

- 

MHz 

Switching Time: 

Obi = o.i a, i B2 = —0.5 a) 

Rise 

(See Figs. 10, 12, & 13.) 

t r 



1.0 


. 

0.35 

. 

MS 

Storage 

(See Figs. 11, 12, & 13.) 

t S 



1.0 


- 

1.4 

- 

Fall 

(See Figs. 9, 12, & 13.) 

tf 



1.0 


- 

0.15 

- 

Thermal Resistance (Junction-to-Case) 

R tfJC 

10 


5 


- 

- 

1.4 

°C/W 


a Pulsed; pulse duration <C 350 ms, duty factor = 2%. 

b CAUTION: The sustaining voltage Vceq(sus) MUST NOT be measured on a curve tracer. The 
sustaining voltage should be measured by means of the test circuit shown in Fig. 3. 

c I S/b ' s defined as the current at which second breakdown occurs at a specified collector voltage 
with the emitter-base junction forward-biased for transistor operation in the active region. 
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COLLECTOR - TO- EMITTER VOLTAGE (V CE ) —V 

92CS- 19240 


Fig.2— Maximum operating areas. 




THE SUSTAINING VOLTAGE V CE0 (sus) IS 
ACCEPTABLE WHEN THE TRACE FALLS 
TO THE RIGHT AND ABOVE POINT "A" 


92CS-I9295 


9 2 CS- 1928V 


Fig.3— Circuit used to measure sustaining voltage, Vqeo( sus )■ 

594 


Fig A— Oscilloscope display for measurement of sustaining 
voltage (test circuit shown in Fig.3). 
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Fig.8— Typical saturation voltage characteristic. 
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Fig.9— Typical fall time vs. collector current. 
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Fig. 10— Typical rise time vs. collector current. 
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Fig. 12— Circuit used to measure switching times. 
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Fig. 1 1— Typical storage time vs. collector current. 
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Fig. 13— Phase relationship between input and output 
currents showing reference points for speci- 
fication of switching times. Test circuit 
shown in Fig. 12). 


TERMINAL CONNECTIONS 

Pin 1 — Base 
Pin 2 - Emitter 

Mounting Flange, Case - Collector 
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Solid State 
Division 


Power Transistors 
RCA413 



High-Voltage, High- Power 
Silicon N-P-N Power Transistor 

For Switching and Linear Applications in 
Military, Industrial, and Commercial Equipment 


Features: 

a Maximum safe-area-of-operation curves 
n Low saturation voltage: VcElsad = 0.8 V (max.) 
a High voltage rating: VcE0l sus ) = 325 V 
a High dissipation rating: Pj = 125 W 


RCA-413 is an epitaxial silicon n-p-n power transistor 
utilizing a multiple-emitter-site structure. This device 
employs the popular JEDEC TO-3 package. 

Featuring high breakdown-voltage ratings and low saturation- 


voltage values, the RCA-413 is especially suitable for use in 
inverters, deflection circuits, switching regulators, high- 
voltage bridge amplifiers, ignition circuits, and other high- 
voltage switching applications. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE 

VOLTAGE, V CB0 

400 V 

PIN TEMPERATURE (During Soldering): 

At distances >1/32 in. (0.8 mm) 
from case for 10 s max. 

COLLECTOR-TO-EMITTER 

SUSTAINING VOLTAGE 

With base open, Vc E 0^ sus J 

325 V 



230 o C 


COLLECTOR-TO-EMITTER 
BREAKDOWN VOLTAGE: 

With base open, V(br)CEO 400 V 

EMITTER-TO-BASE 

VOLTAGE, V EBO 5 V 

COLLECTOR CURRENT: 

Continuous, Iq 7 A 

Peak 10 A 

BASE CURRENT (Continuous), l B 2 A 

TRANSISTOR DISSIPATION, P T : 

At case temperatures up to 25 C 

and Vqe U P to 75 V 125 W 

At case temperatures up to 25 C 

and Vq E above 75 V See Fig. 2. 

At case temperatures above 25 C 

and Vc E above 75 V See Figs. 1 & 2. 

TEMPERATURE RANGE: 

Storage & Operating (Junction) —65 to +200 °C 



92CS- 19296 


Fig. 1— Dissipation and current derating curves. 
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ELECTRICAL CHARACTERISTICS, Case Temperature (T c ) = 25°C Unless Otherwise Specified 


Characteristic 

Symbol 

Test Conditions 

Limits 

Units 

DC 

Voltage 

(V) 

DC 

Current 

(A) 

V CE 

V BE 

IB 

•b 

Min. 

Typ. 

Max. 

Collector-Cutoff Current: 

With base open 

•CEO 

400 




— 

_ 

0.25 

mA 

With base-emitter junction 
reverse-biased 

'CEV 

400 

-1.5 



_ 

_ 

0.25 

With base-emitter junction 
reverse-biased & Tq = 125°C 

'CEV 

400 

-1.5 



_ 

_ 

0.5 

Emitter-Cutoff Current 

■ebo 


-5 



- 

- 


mA 

DC Forward-Current 

Transfer Ratio 

h FE 

5 

5 


mu 

31 


20 

15 

- 

H 


Collector-to-Emitter Sustaining 

Voltage: 

With base open 
(See Figs. 3 & 4.) 

VcEO< sus > b 

■ 

■ 

0.1 

■ 

325 b 

■ 

■ 

V 

Base-to-Emitter Saturation Voltage 

V0£ (sat) 



0.5 a 

0.05 

- 

0.8 

1.5 

V 

Collector-to-Emitter Saturation 

Voltage 

VcE (sat ) 



0.5 a 

0.05 

_ 

0.15 

0.8 

V 

Sepond-Breakdown Collector Current: 
(With base forward-biased) 

Pulse duration (non-repetitive) = 1 s 

•S/b C 

150 

■ 

■ 

■ 

0.3 

■ 

■ 

A 

Gain-Bandwidth Product 


10 




- 

4.0 


MHz 

Switching Time: 

(l B i =0.1 A, l B 2 = —0.5 A) 

Rise 

(See Figs. 10, 12, & 13.) 

V 

■ 

1 

1 

1 

1 

0.35 

■ 

1 

Storage 

(See Figs. 11, 12, & 13.) 

ts 






. 1.4 


Fall 

(See Figs. 9, 12, & 13.) 

tf 



1.0 


- 

0.15 


Thermal Resistance (Junction-to-Case) 

R 0JC 

10 


5 


- 

- 

1.4 

°C/W 


a Pulsed; pulse duration <350 ;us, duty factor = 2% 


^CAUTION: The sustaining voltage Vceo( sus ) MUST NOT be measured on a curve tracer. The 
sustaining voltage should be measured by means of the test circuit shown in Fig. 3. 

c Ig/b is defined as the current at which second breakdown occurs at a specified collector voltage 
with the emitter-base junction forward-biased for transistor operation in the active region. 
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Fig.2— Maximum operating areas. 



Fig.3-Circuit used to measure sustaining voltage, VcEO( sus i- 



COLLECTOR-TO-EMITTER 
VOLTAGE (V CE ) —V 

THE SUSTAINING VOLTAGE V CE0 (sus) IS 
ACCEPTABLE WHEN THE TRACE FALLS 
TO THE RIGHT AND ABOVE POINT "A 1 ! 

92CS- 19278 


Fig.4— Oscilloscope display for measurement of sustaining 
voltage (test circuit shown in Fig. 3). 
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Fig. 5— Typical dc beta characteristics. 



92SS-4078RI 

Fig. 7— Typical transfer characteristics. 
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Fig.6— Typical output characteristics. 
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Fig.8— Typical saturation voltage characteristic. 
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Fig.9— Typical fall time vs. collector current. 
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Fig. 10— Typical rise time vs. collector current. 


Fig. 1 1— Typical storage time vs. collector current. 
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Fig. 12— Circuit used to measure switching times. 
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Solid State 
Division 


Power Transistors 
RCA423 



High-Voltage, High-Power 
Silicon N-P-H Power Transistor 

For Switching and Linear Applications in 
Military, Industrial, and Commercial Equipment 


Features: 

h Maximum safe-area-of-operation curves 

■ Low saturation voltage: VcE(sat) = 0.8 V (max.) 
n High voltage rating: VcEOl sus ) = 325 V 

■ High dissipation rating: Pj = 125 W 


RCA-423 is an epitaxial silicon n-p-n power transistor 
utilizing a multiple-emitter-site structure. This device 
employs the popular JEDEC TO-3 package. 

Featuring high breakdown-voltage ratings and low saturation- 


voltage values, the RCA-423 is especially suitable for use in 
inverters, deflection circuits, switching regulators, high- 
voltage bridge amplifiers, ignition circuits, and other high- 
voltage switching applications. 


MAXIMUM RATINGS, Absolute-Maximum Values: 
COLLECTOR-TO-BASE 

VOLTAGE, V CB0 400 V 


PIN TEMPERATURE (During Soldering): 
At distances >1/32 in. (0.8 mm) 
from case for 10 s max 


230 o C 


COLLECTOR-TO-EMITTER 
SUSTAINING VOLTAGE: 

With base open, Vceq( sus ) 325 V 


COLLECTO R-TO-EM ITTE R 
BREAKDOWN VOLTAGE: 

With base open, V( BR) ceo 400 

EMITTER-TO-BASE 

VOLTAGE, V EB0 5 

COLLECTOR CURRENT: 

Continuous, Iq 7 

Peak 1 o 

BASE CURRENT (Continuous), l B 2 

TRANSISTOR DISSIPATION. P T : 

At case temperatures up to 25 C 

and Vce up to 75 V 125 

At case temperatures up to 25 °C 

and Vce above 75 V See Fig. 2. 

At case temperatures above 25 C 

and V CE above 75 V See Figs. 1 & 2. 

TEMPERATURE RANGE: 

Storage & Operating (Junction) —65 to +200 


< 

z 

2 o 

5 £ UJ 

OT <K S 
</> U_ J 

o o o 

NOTE: CURRENT DERATING AT CONSTANT 
VOLTAGE APPLIES ONLY TO THE DISSIPATION 
LIMITED PORTION AND THE I $/b -LIMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVES (FIG. 2). DO NOT DERATE THE 
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Fig. 1— Dissipation and current derating curves. 
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ELECTRICAL CHARACTERISTICS, Case Temperature (Tq) = 25°C Unless Otherwise Specified 


Characteristic 

Symbol 

Test Conditions 

Limits 

Units 

DC 

Voltage 

(V) 

DC 

Current 

(A) 




mm 




Collector-Cutoff Current: 

With base open 

>CEO 

40b 




_ 

_ 

0.25 


With base-emitter junction 
reverse-biased 

•CEV 


-1.5 



_ 

_ 

0.25 

With base-emitter junction 
reverse-biased &Tq= 125°C 

<CEV 

— 




_ 

■ 


Emitter-Cutoff Current 

* EBO 


-5 



- 

- 


mAl 


WM 

■ 


1.0 a 

2.5 a 



- 


Hi 

Collector-to-Emitter Sustaining 

Voltage: 

With base open 
(See Figs. 3 & 4.) 

v CEO (sus) 

■ 

■ 

0.1 

1 


| 


■ 

Base-to-Emitter Saturation Voltage 

V B |= (sat) 









Collector-to-Emitter Saturation 

Voltage 

VcE^ sat ^ 



1.0 a 


_ 


0.8 

■ 

Second-Breakdown Collector Current: 
(With base forward-biased) 

Pulse duration (non-repetitive) = 1 s 

>s/b c 

150 




0.3 

- 


D 

Gain-Bandwidth Product 

*T 

10 




- 



PHSI 

Switching Time: 

(l B1 =0.1 A, l B 2 = —0.5 A) 

Rise 

(See Figs. 10, 12, & 13.) 

tr 

1 

1 

1 

1 

1 


1 

MS 

Storage 

(See Figs. 11, 12, & 13.) 

t S 

■ 


1 

1 


1.4 

Hi 

Fall 

(See Figs. 9, 12, & 13.) 

tf 



1.0 


- 


- 

Thermal Resistance (Junction-to-Case) 

R 0JC 

1 

10 


5 


- 

- 

1.4 

°C/W 


a Pulsed; pulse duration <350 ms, duty factor = 2%.. 

b CAUTION: The sustaining voltage VcEO( sus ) MUST NOT be measured on a curve tracer. The 
sustaining voltage should be measured by means of the test circuit shown in Fig. 3. 

c 1 s/t> ' s defined as the current at which second breakdown occurs at a specified collector voltage 
with the emitter-base junction forward-biased for transistor operation in the active region. 
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RCA423 




COLLECTOR-TO-EMITTER VOLTAGE (V CE )— V 

92CS-I9026 


Fig.5— Typical dc beta characteristics. 


Fig.6— Typical output characteristics. 



92SS-4078RI 



92CS- 19242 


Fig. 7— Typical transfer characteristics. 


Fig. 8— Typical saturation voltage characteristic. 
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Fig.9— Typical fall time vs. collector current. 
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Fig. 10-Typical rise time vs. collector current. 
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Fig. 1 1— Typical storage time vs. collector current. 


SYNC OUT ♦ V CC 



*l B j AND l 02 MEASURED WITH TEKTRONIX CURRENT PROBE P6019 OR EQUIVALENT 


Fig. 12— Circuit used to measure switching times. 



92SS-4085 


Fig. 13— Phase relationship between input and output 
currents showing reference points for speci- 
fication of switching times. (Test circuit 
shown in Fig. 12). 


TERMINAL CONNECTIONS 

Pin 1 — Base 
Pin 2 — Emitter 

Mounting Flange, Case — Collector 







File No. 513 



Solid State 
Division 


Power Transistors 
RCA431 



EH3iglh)“V©!tage s High- Power 
Silicon Power Transistor 

For Switching and Linear Applications in 
Military, Industrial, and Commercial Equipment 


Features: 

a Maximum safe-area-of operation curves 
□ Low saturation voltage: VcE(sat) = 0.7 V (max.) 
a High voltage rating: Vceo( su s) = 325 V 
° High dissipation rating: Pj = 125 W 


RCA-431 is an epitaxial silicon n-p-n power transistor 
utilizing a multiple-emitter-site structure. This device 
employs the popular JED EC TO-3 package. 

Featuring high breakdown-voltage ratings and low saturation- 


voltage values, the RCA-431 is especially suitable for use in 
inverters, deflection circuits, switching regulators, high- 
voltage bridge amplifiers, ignition circuits, and other high- 
voltage switching applications. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


COLLECTOR-TO-BASE 

VOLTAGE, V CB0 400 V 

COLLECTOR-TO-EMITTER 
SUSTAINING VOLTAGE 

With base open, VcEO^ sus ^ 325 V 

COLLECTOR-TO-EMITTER 
BREAKDOWN VOLTAGE: 

With base open, V(br)ceo 400 V 

EMITTER-TO-BASE VOLTAGE, V EB0 5 V 

COLLECTOR CURRENT: 

Continuous, Iq 7 A 

Peak 10 A 

BASE CURRENT (Continuous), l B 2 A 


TRANSISTOR DISSIPATION, P T : 

At case temperatures up to 25 C 

and Vc E up to 75 V 

At case temperatures up to 25 C 

and Vq E above 75 V 

At case temperatures above 25°C 
and Vce above 75 V 

TEMPERATURE RANGE: 

Storage & Operating (Junction) —65 to +200 °C 


PIN TEMPERATURE (During Soldering): 

At distances >1/32 in. (0.8 mm) 

from case for 10 s max 230 °C 



92CS-I9296 

Fig. 1 -Dissipation and current derating curves. 


125 w 

... See Fig. 2. 

See Figs. 1 & 2. 


11-73 


607 





RCA431 
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ELECTRICAL CHARACTERISTICS, Case Temperature (Tq) = 25°C Unless Otherwise Specified 


Characteristic 

Symbol 

Test Conditions 

Limits 

B 

DC 

Voltage 

(V) 

DC 

Current 

(A) 

V C E 

V BE 

<C 

*B 

Min. 

Typ. 


Collector-Cutoff Current: 

With base open 

•CEO 

400 




_ 

- 

H 

mA 

With base-emitter junction 

reverse-biased 



-1.5 


■ 

_ 

_ ■ 

2.5 

With base-emitter junction 
reverse-biased & Tq = 125°C 

'CEV 

400 

-1.5 



_ 

_ 


Emitter-Cutoff Current 

'EBO 


-5 



- 

- 

2.0 

mA 

DC Forward-Current 

Transfer Ratio 

h FE 

5 

5 





- 

MM 

BI 

Collector-to-Emitter Sustaining 

Voltage: 

With base open 
(See Figs. 3 & 4.) 


■ 

■ 

i 

■ 


■ 

■ 


Base-to-Emitter Saturation Voltage 

^^SSBBI 



M.tl 

E 

- 

- 

1.5 

V 

Collector-to-Emitter Saturation 

Voltage 

VQg(sat) 





_ 


0.7 

■ 

Second-Breakdown Collector Current: 
(With base forward-biased) 

Pulse duration (non-repetitive) = 1 s 

ls/b c 


■ 

■ 

1 


- 

- 

B 

Gain-Bandwidth Product 

*T 

10 


0.2 



4.0 


MHz 

Switching Time (|g^ = Ib 2^- 
Rise 

(See Figs. 10, 12, & 13.) 

t r 


■ 

B 


■ 


■ 

1 

Storage 

(See Figs. 1 1, 12, & 13.) 

*s 



Bi 

0.5 

■ 

1.8 

m 

Fall 

(See Figs. 9, 12, & 13.) 

tf 



2.5 

0.5 

- 

0.4 

- 

Thermal Resistance (Junction-to-Case) 

R flJC 

10 


5 


- 

- 

1.4 



°C/W 


3 Pulsed; pulse duration <^350 /is, duty factor = 2% 

^CAUTION: The sustaining voltage Vceo(sus) MUST NOT be measured on a curve tracer. The 
sustaining voltage should be measured by means of the test circuit shown in Fig. 3. 


I s/b ' s defined as the current at which second breakdown occurs at a specified collector voltage 
with the emitter-base junction forward-biased for transistor operation in the active region. 
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RCA431 



COLLECTOR - TO- EMITTER VOLTAGE (V CE ) —V 

92CS- 19241 


Fig.2-Maximum operating areas. 




THE SUSTAINING VOLTAGE V CE0 (sus) IS 
ACCEPTABLE WHEN THE TRACE FALLS 
TO THE RIGHT AND ABOVE POINT "A 1 ! 


92CS- 19278 


Fig.4— Oscilloscope display for measurement of sustaining 
voltage (test circuit shown in Fig. 3). 
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COLLECTOR CURRENT (I c ) — A 


COLLECTOR-TO-EMITTER VOLTAGE ( V CE )—V 


— Typical dc beta characteristics. 


Fig.6— Typical output characteristics. 




BASE-TO-EMITTER VOLTAGE (V B c)—V 


COLLECTOR CURRENT (I C )— A 92CS ., 9 


Fig.7— Typical transfer characteristics. 


Fig. 8— Saturation voltage vs. collector current. 


PULSE DURATIONS 20 
REPETITION 'RATE *100 Hz 
COLLECTOR-SUPPLY VOLTAGE (V CC )« 200 V 
CASE TEMPERATURE IT C ) *25 °C 
lB l‘" I B2 
DC BETA (h FE ) *5 


COLLECTOR CURRENT ( I c I — A 


Fig.9— Typical fall-time characteristic. 
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RCA431 



ION £ 20/is 
*ATE • 100 Hz 

SUPPLY VOLTAGE ( V cc ) - 200 V 
iATURE (T c ) * 25 *C 

■) *5 
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92CS-I9244 


Fig. 10— Typical rise-time characteristic . 
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COLLECTOR CURRENT (I c ) — A 

92CS-I9245- 

Fig. 11— Typical storage-time characteristic (with constant 
forced gain). 


SYNC OUT 


♦v C c 



*I B] AND Ib 2 MEASURED WITH TEKTRONIX CURRENT PROBE P6019 OR EQUIVALENT 


Fig. 12— Circuit used to measure switching times. 
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Fig. 13-Phase relationship between input and output 
currents showing reference points for speci- 
fication of switching times. (Test circuit 
shown in Fig. 12). 


TERMINAL CONNECTIONS 

Pin 1 - Base 
Pin 2 — Emitter 

Mounting Flange, Case — Collector 
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File No. 594 



Solid State 
Division 


Power Transistors 

RCA1000 
RCA 1001 



8-Ampere Silicon N-P-N 
Darlington Power Transistors 

For Use as Output Devices in General-Purpose 
Switching and Amplifier Applications 


Features: 

■ High dc current gain: 

hpE = 1000 min. at lc = 3 A 

■ Monolithic construction with built-in 

base-emitter shunt resistors 


RCA-1000 and 1001 are monolithic silicon n-p-n Darlington 
transistors intended for medium-power applications as 
output devices. The double epitaxial construction of these 
units provides good forward and reverse second-breakdown 
capability. Their high gain makes it possible for them to be 
driven directly from integrated circuits. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE: 

With emitter open 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open 

EMITTER-TO-BASE VOLTAGE: 

With collector open 

COLLECTOR CURRENT: 

Continuous 

Pulsed 

BASE CURRENT (Continuous) 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25 C, derate linearly at ... 
TEMPERATURE RANGE: 

Storage & Operating (Junction) 

LEAD TEMPERATURE (During Soldering): 

At distance > 1/8 in. (3.17 mm) from case to 10 s max. 



Fig. 1— Schematic diagram of RCA - 1000 and 

RCA 1001 Darlington power transistors. 


RCA 1000 RCA-1001 


v CBO 

60 

80 

V 

v CEO 

60 

80 

V 

v EBO 

5 

5 

V 

'C 

8 

8 

A 


15 

15 

A 

•b 

0.1 

0.1 

A 

P T 

90 

90 

W 



0.515 

W/°C 



-55 to +200 

°C 


235 °C 
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RCA1000-RCA1001 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25°C un/ess otherwise specified 




TEST CONDITIONS 






CHARACTERISTIC 

SYMBOL 

DC 

VOLTAGE 

DC 

CURRENT 


LIMITS 


UNITS 




(V) 


(A) 

RCA-1000 

RCA-1001 




V CB 

V CE 

V BE 

'c 

'b 

MIN. 

MAX. 

MIN. 

MAX. 


Collector Cutoff Current: 

'CEO 


30 



0 

- 

500 

- 

- 

mA 

With base open 


40 



0 

- 

- 

- 

500 

With external base-to-emitter 


60 





- 

1 

- 

- 


resistance (Rg^) = 1 kn 

'CER 

80 





- 

- 

- 

1 


At T c = 1 50° C 

60 





- 

5 

- 

- 

mA 



80 





- 

- 

- 

5 


Emitter Cutoff Current 

'EBO 



5 

0 


- 

2 

- 

2 

mA 

Collector-to-Emitter 

v (BR)CEO 




0.1 a 

0 

60 

- 

- 

- 

V 

Breakdown Voltage 




0.1 a 

0 

- 

- 

80 



DC Forward Current 

HI 

LL 

-C 


3 


3 


1000 

- 

1000 

_ 


Transfer Ratio 


3 


4 


750 

- 

750 

- 


Base-to-Emitter Voltage 

V BE 


3 




- 


- 


V 






3 a 

0.012 

- 

2 

_ 

■ 






8 a 

0.04 

- 

4 

- 



Thermal Resistance 
(Junction-to-Case) 

R0JC 






- 

1.94 

- 






Fig.2— Typical dc beta characteristics for 
both types. 


Fig. 3— Typical small -si gnat gain for both 








RCA1 000-RCA1 001 
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1 




i — rr 

I r MAX 

. (CONTINUOUS) 



v 

DISSIPATION-LIMITED 






N 

S >M 




— 





— 

\ 




CASE-T 

:mperatu 

RE (T c 

) *2 

5 # C 

I s/b -LIM 

'TED | y 











\ 









1 

A 









1 

1 

\\ 



DISSIPATION- LIMITED AND I S / b - LIMITED 
PORTIONS OP THIS CURVE MUST BE DERAT 
AT TEMPERATURES ABOVE T C *25°C. 

1 

ED ' 

1 

i 

V 

V 


0.57%/°C. DO NOT DERATE I c MAX. 

1 Mil i 

RCA- 1000 
RCA- 1001- 
1 

1 

□ 

5 



COLLECTOR-TO-EMITTER VOLTAGE (V CE )— V 

92CS -19944 


Fig.4— Typical saturation characteristics for 
both types. 


Fig. 5— DC safe- area-of -operation for both 
types. 



92.CS-I9950 


TERMINAL CONNECTIONS 

Pin 1 — Base 
Pin 2 — Emitter 
Case — Collector 
Mounting Flange — Collector 


Fig. 6— Thermal-cycling rating chart for both 
types. 
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File No. 618 



Solid State 
Division 


Power Transistors 
RCA3054 RCA3055 



HometaxiaS-Base Silicon N-P-N 
VERSAWATT Transistors 

Designed for Medium-Power Linear and Switching Service 
in Consumer, Automotive, and Industrial Applications 


Features: 

° Maximum safe-area-of-operation curves 
° Low saturation voltages 
n High dissipation ratings 
a Thermal-cycle rating curves 


Applications: 

° Series and shunt regulators 
° High-fidelity amplifiers 
□ Power-switching circuits 
° Solenoid drivers 


RCA3054 and RCA3055 are silicon n-p-n transistors intended 
for a wide variety of high-current applications. The home- 
taxial-base construction of these devices renders them highly 
resistant to second breakdown over a wide range of oper- 
ating conditions. 

The VERSAWATT case has a proven thermal-cycle capability. 
This capability is assured by real-time quality controls in our 
manufacturing locations. The RCA3054 and RCA3055 are 


supplied in the JEDEC TO-220AB straight-lead version of the 
package. They are also available on special order in a variety 
of lead-form configurations. Two popular variations have leads 
formed to fit TO-66 sockets (specify formed lead No. 6201) 
or printed-circuit boards (specify formed lead No. 6207). 
Detailed information on these and other VERSAWATT 
outlines is contained in "RCA's Lineup of Power Transistors” 
(PSP-704). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With external base-to-emitter resistance (Rgg) = 100 CL . 

With base open 

With base reverse-biased Vbe = — 1 -5 V 

EMITTER-TO-BASE VOLTAGE 

CONTINUOUS COLLECTOR CURRENT 

CONTINUOUS BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

PIN TEMPERATURE (During Soldering): 

At distances > 1 /32 in. (0.8 mm) from seating plane for 10 s max. 


v CBO 

RCA3054 

90 

RCA3055 

100 

V 

VcerM 

60 

70 

V 

v CEO< sus > 

55 

60 

V 

Vcev( sus ) 

90 

9 ? 

V 

Vebo 

7 

7 

V 

•c 

4 

15 

A 

>B 

2 

4 

A 

Pt 

36 

See Fig. 3 

75 

W 


-65 to +1 50 °C 


235 °C 
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RCA3054, RCA3055 . File No. 618 

ELECTRICAL CHARACTERISTICS, At Case Temperature ( Tq ) = 25° C unless otherwise specif ied 


CHARACTERISTIC 

SYMBOL 

TEST COIMDITIOMS 

LIMITS 

UNITS 

VOLTAGE 
Vdc _ 

CURRENT 

A dc 

RCA3054 

RCA3055 

V CE 

V BE 

*C 

*B 

MIN. 

MAX. 

MIN. 

MAX. 

Collector-Cutoff Current: 

With base open 

*CEO 

30 



0 


0.5 

- 

0.7 

mA 

With base-emitter 
junction reverse-biased 

*CEX 

90 

100 

-1.5 
-1 .5 



- 

1 

_ 

5 

At T c = 1 50°C 

*CEX 

90 

100 

-1.5 

-1.5 



- 

6 

: 

30 

Emitter-Cutoff Current 

*EBO 


-7 

0 


- 

1.0 

- 

5 

mA 

Collector-to-Emitter 

Sustaining Voltage: 

With base open 

v CEO< sus ) 



0.1 a 

0.2 a 

0 

0 

55 

- 

60 

- 

V 

With external base-to- 
emitter resistance 
(R be ) = 100 n 

Vcer(sus) 



OJ 

o d 


60 

- 

70 

- 

With base-emitter junction 
reverse-biased 

Vcev* sus > 


-1.5 

0.1 a 


90 

- 

90 

- 

DC Forward-Current 

Transfer Ratio 

h FE 

4 

4 

4 

4 


3 a 

10 a 

0.5 a 

4 a 


5 

25 

100 

5 

20 

70 


Collector-to-Emitter 

Saturation Voltage 

VQ E (sat) 



0.5 a 

4 a 

0.0 5 a 
0.4 a 

_ 

1.0 

_ 

1.1 

V 

Base-to-Emitter Voltage 

< 

CD 

m 

4 

4 


0.5 a 

4 a 


- 

1.7 

- 

1.8 

V 

Common-Emitter, Small-Signal, 
Short-Circuit, Forward 

Current Transfer Ratio 

Cutoff Frequency 

fhfe 

4 

4 


0.1 

1 


30 

- 

10 

- 

kHz 

Magnitude of Common- 
Emitter, Small-Signal 

Short-Circuit Forward 

Current Transfer Ratio 
(f =0.4 MHz) 

| h fe| 

4 

4 


0.1 

1 


2 

- 

2 

- 


Common-Emitter, 

Small-Signal, Short- 
Circuit Forward 

Current Transfer Ratio 
(f = 1 kHz) 

h fe 

4 

4 


0.1 

1 


25 

- 

15 

120 


Forward-Bias Second 

Breakdown Collector 

Current* 3 (t >1 s) 

*S/b 

55 

60 




0.65 

- 

1.2 

- 

A 

Thermal Resistance: 

Junction-to-Case 

R0JC 






3.5 


1.67 

°C/W 

Junction-to-Ambient 

r 0JA 




- 

70 

- 

70 


a Pulsed: Pulse duration = 300 ns, duty factor = 1 .8%. 
b Pulsed: 1 -second non-repetitive pulse. 
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RCA3054, RCA3055 



TEKTRONIX 54 3 A OR EQUIV. 

. 92CS-2l«<i8 


Fig. 9 — Circuit used to measure switching times. 



BASE-TO-EMITTER VOLTAGE (V BE ) - V 
Fig. 11 — Typical input characteristics for RCA3054. 
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Fig. 13 — Typical transfer characteristics for RCA3054. 



9ZCS- 13996 Rl 

Fig. 10 — Phase relationship between input current and output 
current showing reference points for specification of 
switching times. (Test circuit shown in Fig.9). 



COLLECTOR-TO-EMITTER VOLTAGE (V CE ) - V 92SJ 

Fig. 12 — Typical output characteristics for RCA3054. 



Fig. 14 — Typical gain-bandwidth product for RCA3054. 
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Fig. 21 — Typical dc beta characteristics for RCA3055. 


Fig. 22 — Reverse-bias second-breakdown characteristics 
for RCA3055. 


TERMINAL CONNECTIONS 

JEDEC TO-220AB 

Terminal No.1 — Base 
Terminal No.2 — Collector 
Terminal No.3 — Emitter 
Terminal No.4 — Collector 
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Fite No. 666 



Solid State 
Division 


Power Transistors 
RCA3441 RCA6263 



Hometaxial-Base Silicon N-P-N 
VERSAWATT Transistors 

Designed for Medium-Power Linear and Switching Service 
in Consumer, Automotive, and Industrial Applications 


Features: 

■ Maximum safe-area-of-operation 

■ Low saturation voltages 

■ High dissipation ratings 

■ Thermal-cycling rating curves 


Applications: 

■ Series and shunt regulators 

■ High-fidelity amplifiers 

■ Power-switching circuits 

■ Solenoid drivers 


RCA3441 and RCA6263 are silicon n-p-n transistors intended 
for a wide variety of high-current applications. The hometaxial- 
base construction of these devices renders them highly resistant 
to second breakdown over a wide range of operating conditions. 
The VERSAWATT case has a proven thermal-cycling capability. 
This capability is assured by real-time quality controls in our 
manufacturing locations. The RCA3441 and RCA6263 are 
supplied in the JEDEC TO-220AB straight-lead version of the 
package. They are also available on special order in a variety of 
lead-form configurations. Two popular variations have leads 
formed to fit TO-66 sockets (specify formed lead No. 6201) 
or printed-circuit boards (specify formed lead No. 6207). 
Detailed information on these and other VERSAWATT outlines 
is contained in "RCA's Lineup of Power Transistors" (PSP-704). 


TERMINAL CONNECTIONS 
JEDEC TO-220AB 

Terminal No. 1 — Base 
Terminal No. 2 - Collector 
Terminal No. 3 - Emitter 
Terminal No. 4 — Collector 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With external base-to-emitter resistance (R BE ) = 100 SI 

With base open 

With base reverse-biased V BE = — 1 .5 V 

EMITTER-TO-BASE VOLTAGE 

CONTINUOUS COLLECTOR CURRENT 

PEAK COLLECTOR CURRENT 

CONTINUOUS BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

PIN TEMPERATURE (During Soldering): 

At distances > 1/32 in. (0.8 mm) from seating plane for 10 s max, 


RCA6263 RCA3441 

V CB0 140 160 

V C er(sus) 130 150 

V CE0 (sus) 120 140 

V C EV< SUS > 140 160 

V EBO 7 7 

l c 3 3 

4 4 

>B 2 2 

p T 

36 36 

See Fig. 4 

—65 to +150 


V 

V 

V 

V 

V 
A 
A 
A 

W 


°C 


235 °C 
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File No. 666 RCA3441, RCA6263 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25°C unless otherwise specified 




TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 

SYMBOL 

VOLTAGE 

V dc 

CURRENT 

A dc 

RCA6263 

RCA3441 

UNITS 



V CE 

V EB 

uu 

CO 

> 

*C 

*B 

MIN. 

MAX. 

MIN. 

MAX. 


Collector-Cutoff Current: 

*CEO 

100 




0 

_ 

5 

_ 

_ 


With base open 

120 




0 

- 

- 


5 


With base-emitter 

*CEX 

120 


7-1.5 



- 

5 


_ 

mA 

junction reverse-biased 

140 


-1.5 



- 

- 

- 

5 

At T c = 150°C 

*CEX 

120 


-1.5 



_ 

10 

_ 

_ 



140 


-1.5 



- 

- 

- 

10 


Emitter-Cutoff Current 

*EBO 


5 


0 


~ 

2 

- 

2 

mA 

Collector-to-Emitter 












Sustaining Voltage: 

V CEO* sus ) 




0.1 a 

0 

120 

- 

140 

- 


With base open 











With external base-to- 












emitter resistance 

V CER (sus) 




0.1 a 


130 

- 

150 

- 

V 

(r be ) = ioon 











With base-emitter junction 

Vcev^ sus * 



-1.5 

0.1 a 


140 

- 

160 

- 


reverse-biased 











DC Forward-Current 

h FE 

4 



0.5 a 


20 

150 

20 

150 


Transfer Ratio 











Co 1 lector-to-E mitter 

V^gjsat) 




0.5 a 

0.05 a 

- 

1.2 

_ 

1.2 

V 

Saturation Voltage 











Base-to-Emitter Voltage 

V BE 

4 



0.5 a 


- 

2 

- 

2 

V 

Gain-Bandwidth Product 

f T 

4 



0.2 


200 

- 

200 

- 

kHz 

Common-Emitter, 












Small-Signal, Short- 
Circuit Forward- 

Current Transfer Ratio 
(f = 1 kHz) 

h fe 

4 



01 

! 


25 

- 

25 

- 


Forward-Bias Second 












Breakdown Collector 

*S/b 

120 





0.3 

- 

0.3 

- 

A 

Current* 3 (t > 1 s) 











Thermal Resistance: 












Junction-to-Case 

R 0JC 






- 

3.5 

- 

3.5 













°C/W 

Junction-to-Ambient 

R 0JA 






_ 

70 

- 

70 



a Pulsed: Pulse duration = 300 ps. duty factor = 1.8%. 
^Pulsed: 1-second non-repetitive pulse. 




Fig. 1— Typical dc beta characteristics for RCA3441. Fig. 2— Typical dc beta characteristics for RCA6263. 
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92CS- 22260 

Fig. 3— Maximum operating areas for both types. 




92CS- 20108 


Fig. 4— Current derating curve for both types. 


Fig. 5— Thermal-cycling rating chart for both types. 
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RCA3441 , RCA6263 
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EXTERNAL BASE-TO- EMITTER RESISTANCE (R BE ) — fl 


92CS-22279 

Fig. 6— Sustaining voltage vs. base-to-emitter 
resistance for both types. 



92CS-207I5 


Fig. 8— Minimum reverse-bias second- 
breakdown characteristics for 
both types. 



Fig. 7— Typical gain -bandwidth product 
for both types. 


27 A 



Fig. 9— Circuit used to measure sustaining voltages, 
V C eC)( sus )' V CER (sus),and Vq EV (sus) 
for both types. 



SUSTAINING VOLTAGE 


NOTE: 

THE SUSTAINING VOLTAGE V CE0 (sus) OR VcEV(sus) IS ACCEPTABLE 
WHEN THE TRACE FALLS TO THE RIGHT AND ABOVE POINT “A” FOR 
TYPES 2N4347 ANO 2N3442. 

(FOR VALUES OF I & V, SEE ELECTRICAL CHARACTERISTICS) 


Fig. 10— Oscilloscope display for measurement of 

sustaining voltages (test circuit shown in Fig. 9). 
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File No. 835 


□acBZ?o 

Solid State 
Division 


Power Transistors 
RCA8203 
RCA8203A RCA8203B 



Collector Also Available 



10-Ampere P-N-P Darlington 
Power Transistors 

40-60-80 Volts, 60 Watts 

Gain of 1000 at 5 A (RCA8203A, RCA8203B) 

Gain of 1 000 at 3 A ( RCA8203) 


Features: 

■ Operates from 1C without predriver 

■ Low leakage at high temperature 

■ High reverse second-breakdown capability 


Applications: 

■ Power switching ■ Audio amplifiers 
• Hammer drivers 

■ Series and shunt regulators 


The RCA8203, RCA8203A and RCA8203B* are mono- 
lithic p-n-p silicon Darlington transistors designed for low- 
and medium-frequency power applications. The high gain 
of these devices makes it possible for them to be driven 
directly from integrated circuits. They are complementary 
to the 2N6386, 2N6387, and 2N6388*. 

These devices are supplied in the JEDEC TO-220AB straight- 
lead version of the VERSAWATT package. Optional lead 
configurations are available upon request. For information, 
contact your nearest RCA Sales Office. 


•Formerly RCA Dev. Nos. TA8204, TA8487, and TA8203, re- 
spectively. 

^Technical data for 2N6386-2N6388 are given in RCA bulletin 
File No. 610. 



Fig. 1— Schematic diagram for all types. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


COLLECTOR-TO-BASE VOLTAGE 

■ v CBO 

RCA8203B 

-80 

RCA8203A 

-60 

RCA8203 

-40 

V 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With external base-to-emitter resistance (Rbe) = 100 ^ ■ 

V CER< SUS > 

-80 

-60 

-40 

V 

With base open 

v CEO< sus ) 

-80 

-60 

-40 

V 

With base reverse-biased Vg£ = + 1 .5 V 

V CEV( SUS > 

-80 

-60 

-40 

V 

EMITTER-TO-BASE VOLTAGE 

Vebo 

-5 

-5 

-5 

V 

CONTINUOUS COLLECTOR CURRENT 

'c 

-10 

-10 

-8 

A 

PEAK COLLECTOR CURRENT 

'CM 

-15 

-15 

-15 

A 

CONTINUOUS BASE CURRENT 

'b 

-0.25 

-0.25 

-0.25 

A 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

p T 

60 

60 

60 

W 

At case temperatures above 25 C 



See Fig. 3 




TEMPERATURE RANGE: 

Storage and Operating (Junction) 


-65 to +150 


PIN TEMPERATURE (During Soldering): 

At distances >1/8 in. (3.17 mm) from case for 10 s max. . 


235 


9-71 
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ELECTRICAL CHARACTERISTICS, A t Case Temperature (Tq) = 25° C Un/ess Otherwise Specified 




TEST CONDITIONS 



LIMITS 

















CHARACTERISTIC 

SYMBOL 

VOLTAGE 

Vdc 

CURRENT 

A dc 

RCA8203B 

RCA8203A 

RCA8203 

UNITS 



< 

o 

m 

Ul 

CO 

> 

«C 

■b 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 




80 



o 








Collector-Cutoff Current: 


-60 

-40 



o 








With base open 




0 

- 

- 

- 


- 

-1 


With base open and 

Tc = 150°C 

'CEO 

-80 

-60 

-40 



0 

0 

0 

- 

-10 

- 

-10 

: 

-10 




-80 

+1.5 



_ 

-0.3 

_ 

_ 

_ 

_ 

mA 

With base reverse-biased 


-60 

+1.5 



— 

— 

— 

-0.3 

_ 

— 




-40 

+1.5 



- 

- 

- 

- 

- 

-0.3 


With base reverse-biased 

'CEV 

-80 

-60 

+1.5 

+1.5 



- 

-3 

- 

-3 

- 

- 


and Tc = 150 C 


-40 

+1.5 



- 

- 

- 


- 

-3 


Emitter-Cutoff Current 

'EBO 


+5 

0 


- 

-10 

- 

-10 

- 

-10 

mA 

Collector-to-Emitter 













Sustaining Voltage: 

With base open 

VcEO(sus) 



-0.2a 

0 

-80 

_ 

-60 

_ 

-40 

_ 


With external base-to- 













emitter resistance 

(Rbe) = 100 ft 

v CER(sus) 



-0.23 


-80 

— 

-60 

— 

-40 

— 

V 

With base-emitter junc- 
tion reverse-biased 

VcEV(sus) 


+1.5 

-0.23 


-80 

- 

-60 

- ' 

-40 

- 




-3 


-33 


- 

- 

- 

- 

1000 

20,000 


DC Forward Current 

hFE 

-3 


-53 


1000 

20,000 

1000 

20,000 

— 

— 


Transfer Ratio 

-3 


-83 


— 

— 

— 

— 

100 

— 




-3 


-103 


100 

- 

100 

- 

- 

- 




-3 


-33 


_ 

_ 

- 

- 

_ 

-2.8 


Base-to-Emitter Voltage 

Vbe 

-3 

-3 


-53 

-83 



-2.8 

— 

-2.8 

— . 

-4.5 

V 



-3 


-103 


- 

-4.5 

- 

-4.5 

- 

- 






-33 

-0.0063 

- 

- 

- 

_ 

- 

-2 


Collector-to-Emitter 

VcE(sat) 



-53 

-0.013 

— 

-2 

— 

-2 

— 

— 


Saturation Voltage 



-83 

-0.083 

— 

— 

— 

— 

— 

-3 

V 





-103 

-O.ia 

- 

-3 

- 

-3 

- 

- 


Parallel Diode 

VF 



-8 


- 

- 

- 

- 

- 

-4 


Forward Voltage Drop 



-10 


- 

-4 

- 

-4 

- 

- 

V 

Common-Emitter, Small- 













Signal, Short-Circuit 
Forward Current 

Transfer Ratio: 

hfe 

5 


-1 


1000 

- 

1000 

- 

1000 

- 


f = 1 kHz 













Magnitude of Common- 
Emitter, Small-Signal, 
Short-Circuit, Forward 
Current Transfer Ratio: 

Ihfel 

5 


-1 


20 

- 

20 

- 

20 

- 


f = 1.0 MHz 













Second Breakdown 













Energy: 

With base reverse-biased 

ES/b b 


+1.5 

-4.5 


30 


30 


30 


mJ 

and L = mH, Rbe = 

100 ft 













Forward-Bias Second 
Breakdown Collector 
Current: 

IS/b 

-20 




-3 

- 

-3 

- 

-3 

- 

A 

1-s non-repetitive pulse 













Thermal Resistance: 
Junction-to-Case 

R 0JC 





- 

2.1 

- 

2.1 

- 

2.1 

°C/W 


8 Pulsed: Pulse duration = 300 /Xs, duty factor = 1.8%. 


b E S/b is defined as the energy at which second breakdown occurs under specified reverse bias conditions 
Es/b = 1/2L|2 where L is a series load or leakage inductance, and I is the peak collector current. 
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RCA8203, A, B 



Fig. 2— Maximum operating areas for all types. 



92CS-20696RI 



92CS -20933 


Fig. 3— Dissipation derating curve for all types. 


Fig. 4— Thermal-cycling rating chart for all types. 
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File No. 835 



Fig. 5— Maximum operating areas for all types at Tq~ 100°C. 




Fig. 6— Typical dc beta characteristics for all types. 


Fig. 7 -Typical small-signal gain for all types. 
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Fig. 8— Typical input characteristics for all types. 



Fig. 10— Typical transfer characteristics for all types. 



20 NEGATIVE VOLTAGE 
REP. RATE = 200 Hz 

* I B| AND I B2 ARE MEASURED WITH TEKTRONIX CURRENT 
PROBE P60I9 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 
92CS- 20944RI 


Fig. 12— Circuit used to measure saturated switching times. 
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Fig. 9— Typical output characteristics for all types. 



Fig. 1 1— Typical saturated switching-time characteristics for all types. 



Fig. 13— Phase relationship between input current and output cur- 
rent showing reference points for specification of switching 
times (test circuit shown in Fig. 12). 
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Fig. 14— Minimum values of reverse-bias second breakdown char- 
acteristic (Fs/b) for all types. 



92CS-20874 

Fig. 15— Typical saturation characteristics for all types. 


TERMINAL CONNECTIONS 
JEDEC TO-220AB 

Terminal No.1 — Base 
Terminal No.2 — Collector 
Terminal No. 3 — Emitter 
Terminal No. 4 - Collector 
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Solid State 
Division 


Power Transistors 

RCA8350 
RCA8350A RCA8350B 



10-Ampeire P-N-P Darlington 
Power Transistors 

40-60-80 Volts, 70 Watts 
Gain of 1000 at 5 A 


Features: 

n Operated from 1C without predriver 
n High reverse second-breakdown capability 


Applications: 

d Power switching ° Audio amplifiers 
° Hammer drivers 
© Series and shunt regulators 


The RCA8350, RCA8350A and RCA8350BO are mono- 
lithic p-n-p silicon Darlington transistors designed for low- 
and medium-frequency power applications. The high gain 
of these devices makes it possible for them to be driven 
directly from integrated circuits. They are complementary 
to the 2N6383, 2N6384, and 2N6385A 


©Formerly RCA Dev. Nos. TA8351, TA8488, and TA8350, re- 
spectively. 

^Technical data for 2N 6383, 2N 6384, and 2N6385 are given in RCA 
bulletin File No. 609. 



MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With external base-to-emitter resistance (Rqe) = 100 ^ • 

With base open 

With base reverse-biased VqE = + 1 -5 V 

EMITTER-TO-BASE VOLTAGE 

CONTINUOUS COLLECTOR CURRENT 

PEAK COLLECTOR CURRENT 

CONTINUOUS BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25 C 

At case temperatures above 25 C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

PIN TEMPERATURE (During Soldering): 

At distances ^ 1 / 32 in. (0.8 mm) from seating 

plane for 10 s max 


Fig. 1 —Schematic diagram for all types. 


v CBO 

RCA8350B 

-80 

Vcer( sus ) 

-80 

VcEO< sus i 

-80 

V CEV< SUS ) 

-80 

v EBO 

-5 

•c 

-10 

'CM 

-15 

*B 

-0.25 

PT 

70 


RCA8350A 

RCA8350 

-60 

-40 

-60 

-40 

-60 

-40 
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-40 

-5 
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-10 
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-15 
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-0.25 
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70 
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See Fig. 3 
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ELECTRICAL CHARACTERISTICS, A t Case Temperature (T C )=25°C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

Vdc 

CURRENT 

Adc 

RCA8350B 

RCA8350A 

RCA8350 

VCE 

VBE 

•c 

‘B 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Collector-Cutoff Current: 
With base open 

‘CEO 

-80 

-60 

-40 



0 

0 

0 

- 

-1 

— 

-1 

- 

-1 

mA 

With base open and 

Tc= 150°C 

-80 

-60 

-40 



0 

0 

0 

- 

-10 

- 

-10 

- 

-10 

With base reverse-biased 

‘CEV 

-80 

-60 

-40 

+1.5 

+1.5 

+1.5 



— 

-0.3 

- 

-0.3 


-0.3 

With base reverse- 
biased and Tc = 150°C 

-80 

-60 

-40 

+1.5 

+1.5 

+1.5 



— 

-3 

_ 

-3 

~ 

-3 

Emitter-Cutoff Current 

‘EBO 


5 

0 


- 

-10 

- 

-10 

- 

-10 

mA 

Collector-to-Emitter 
Sustaining Voltage: 

With base open 

v CEO< sus ) 



-0.2a 

0 

-80 


-60 


-40 


V 

With external base-to- 
emitter resistance 
(RBE) = 10012 

VcER(sus) 



-0.2a 


-80 

- 

-60 

- 

-40 


With base-emitter junc- 
tion reverse-biased 

VcEV(sus) 


+1.5 

-0.2a 


-80 

- 

-60 

- 

-40 

- 

DC Forward Current 
Transfer Ratio 

hFE 

-3 

-3 


-53 

-103 


1000 

100 

20,000 

1000 

100 

20,000 

1000 

100 

20,000 


Base-to-Emitter Voltage 

Vbe 

-3 

-3 


-53 

-103 


- 

-2.8 

-4.5 

_ 

-2.8 

-4.5 

- 

-2.8 

-4.5 

V 

Collector-to-Emitter 
Saturation Voltage 

VcE(sat) 



-53 

-103 

-0.013 

-0.13 

- 

-2 

-3 

_ 

-2 

-3 

_ 

-2 

-3 

V 

Parallel Diode 

Forward Voltage 

vf 



-10 


- 

-4 

- 

-4 

- 

-4 

V 

Common-Emitter, Small- 
Signal, Short-Circuit 
Forward Current 

Transfer Ratio: 
f = 1 kHz 

hfe 

-5 


-1 


1000 


1000 

- 

1000 

- 


Magnitude of Common- 
Emitter, Small-Signal 
Short-Circuit, Forward 
Current Transfer Ratio: 
f = 1.0 MHz 

Ihfel 

-5 


-1 


20 

- 

20 

- 

20 

- 


Second-Breakdown 

Energy: 

With base reverse- 
biased and L = 3 mH, 
R B E = 10012 

E S/b b 


+1.5 

-4.5 


30 

- 

30 

- 

30 

- 

mJ 

Forward-Bias Second 
Breakdown Collector 
Current: 

1-s nonrepetitive pulse 

>S/b 

-35 

-20 




-1 

-5 

- 

-1 

-5 

- 

-1 

-5 

- 

A 

Thermal Resistance: 
Junction-to-Case 

R 0JC 





- 

1.75 

- 

1.75 

- 

1.75 

°C/W 


a Pulsed: Pulse duration = 300 /is, duty factor = 1.8%. 


b E S/b is defined as the energy at which second breakdown occurs under specified reverse bias conditions. 
^S/b = 1/2 L|2 where L is a series load or leakage inductance, and I is the peak collector current. 
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RCA8350, RCA8350A, RCA8350B 



Fig. 2— Maximum operating areas for all types. 



92CS- 20 696RI 

Fig. 3— Dissipation derating curve for all types. 



92CS-249I2 

Fig. 4— Thermal-cycling rating chart for all types. 
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92CS-24900 

Fig. 5— Maximum operating areas for all types at Tq= 100 C. 




Fig. 6— Typical dc beta characteristics for ait types. Fig. 7— Typical small-signal gain for all types. 
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RCA8350, RCA8350A, RCA8350B 



92CS-2087 I 

Fig. 8— Typical input characteristics for all types. 



COLLECTOR-TO- EMITTER VOLTAGE (V C£ ) 

Fig. 9— Typical output characteristics for all types. 
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Fig. 10— Typical transfer characteristics for all types. 



20 /is NEGATIVE VOLTAGE 
REP. RATE = 200 Hz 

* l0| AND Ib 2 ARE MEASURED WITH TEKTRONIX CURRENT 
PROBE P60I9 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 
92CS- 20944RI 

Fig. 12— Circuit used to measure saturated switching times. 
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Fig. 1 1 —Typical saturated switching-time characteristics for all types. 



92CS-I3996RI 

Fig. 13— Phase relationship between input current and output cur- 
rent showing reference points for specification of switching 
times (test circuit shown in Fig. 12). 
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Fig. 14— Typical saturation characteristics for all types. 
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Fig. 15— Minimum values of reverse-bias second breakdown char- 
acteristic (E$/b) for all types. 


TERMINAL CONNECTIONS 

Pin 1 - Base 
Pin 2 — Emitter 
Case — Collector 
Mounting Flange — Collector 
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Solid State 
Division 


Power Transistors 

RCP111, RCP113, 
RCP115, RCP1I17 Series 


High-Voltage, Medium-Power 
Silicon N-P-N Power Transistors 

For TV Video Output and Linear-Amplifier Applications 


^\h FE 

V CE0<V)\^ 

At V CE = 10 V, l c = 25 mA 

50-300 

30-150 

50 min. 

20 min. 

350 

RCP111D 

RCP113D 

- 

- 

300 

RCP111C 

RCP113C 

- 

- 

250 

RCP111B 

RCP113B 

RCP115B 

RCP117B 

200 

RCP111A 

RCP113A 

_ 

_ 

100 

- 

- 

RCP115 

RCP117 


Note: Characteristics charts for individual device types show hp E 
measured at additional current levels. 



Features: 

n Low Miller feedback capacitance: 
Cfj' c = 2.25 pF max. 

° Thermal-cycling ratings 

° Maximum safe-area-of-operation 
curves 

n High gain-bandwidth product: 
f j = 80 MHz typ. 


The RCP111-, RCP113-, RCP115-, and RCP1 17-series power transistors 
are double-diffused, epitaxial-collector silicon n-p-n transistors with planar 
junctions and field-shield construction. These transistors are designed 
especially for TV applications such as RGB output, chroma output, and 
video output. They are also suitable for use in regulators, audio output and 
amplifier circuits, and electrostatic deflection in display circuits. The 
devices are supplied in a new molded plastic package. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 


With base open Vc E q(sus) 

EMITTER-TO-BASE VOLTAGE V EB0 

CONTINUOUS COLLECTOR CURRENT. ... I c 

CONTINUOUS BASE CURRENT I B 

TRANSISTOR DISSIPATION: P T 

At case temperatures up to 25°C 

At ambient temperatures up to 25°C 

For pulse operation 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 


LEAD TEMPERATURE (During Soldering): 

At distance >1/16 in. (1 .39 mm) from case for 10 s max. 


RCP111D 

RCP111C 

RCP111B 

RCP111A 

RCP115B 

RCP115 

RCP113D 

RCP113C 

RCP113B 

RCP113A 

RCP117B 

RCP117 

350 

300 

250 

200 

250 

100 V 

7 

7 

7 

7 

5 

5 V 

150 

150 

150 

150 

150 

150 mA 

50 

50 

50 

50 

50 

50 mA 

6.25 

6.25 

6.25 

6.25 

6.25 

6.25 W 

1.56 

1.56 

1.56 

1.56 

1.56 

1.56 W 


See Fig. 1 


-65 to 150 °C 

230 °C 


8-74 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

Vdc 

CURRENT 

mA dc 

RCP111D 

RCP111C 

V CB 

V CE 

V BE 

■c 

‘B 

Min. 

Max. 

Min. 

Max. 


m 

I 

■ 

■ 

■ 

■ 

■ 

■ 

B 


juA 

With base open 

'CEO 

■ 





m 

5 

__ 



Emitter Cutoff Current 

'ebo 



6 

0 




- 

10 

pA 

DC Forward-Current Transfer 

Ratio 




■ 



i 

m 

i 



Co llector-to- Emitter Sustaining 
Voltage: 

With base open* 5 

v CEO< sus) 

■ 


■ 


B 

H 

■ 



V 

Base-to-Emitter Voltage 

V BE 






Hi 



Hi 

V 

Emitter-to-Base 

Breakdown Voltage: 
l E = 1 mA 

V (BR)EBO 

1 

■ 

1 



a 

■ 


B 

V 

Col lector-to- Emitter Saturation 
Voltage 

mm 

■ 


■ 


2.5 

_ 

i 

_ 

i 

V 

Magnitude of Common-Emitter, 
Small-Signal, Short-Circuit, 
Forward-Current Transfer Ratio 1 
f = 20 MHz 


1 


1 


1 


I 


i 

■ 

Gain-Bandwidth Product 

h 


20 







Second-Breakdown 

Collector Current: 

With base forward-biased and 
t = 0.05 s 

*S/b 


100 



1 


■ 


i 


Three-Terminal Feedback 

Capacitance (Miller 

Capacitance) 

^b'c 

■ 


■ 


■ 

B 



Q 

PF 

Thermal Resistance: 

Junction-to-case 

R 0JC 





■ 

■ 


■ 




R 0JA 






■ 

m 


m 


a Pulsed, pulse duration = 300 ns, duty factor < 2%. 

b CAUTION: Sustaining voltage, Vq£ 0 (sus), MUST NOT be measured on a curve tracer. 


TERMINAL CONNECTIONS 

Terminal No. 1 — Emitter 
Terminal No. 2 — Base 
Terminal No. 3 — Collector 
Terminal No. 4 — Collector 
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File No. 822 RCP111, RCP113, RCP115, RCP1 17 Series 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T C ) = 25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

V dc 

CURRENT 

mA dc 

RCP111B 

RCP111A 

V CB 

< 

o 

m 

V BE 

! C 

'b 

Min. 

Max. 

Min. 

Max. 

Collector Cutoff Current: 

With emitter open 

'CBO 

250 

200 





- 

1 

- 

1 

mA 

With base open 

'CEO 


175 

150 



0 

0 

- 

5 

- 

5 

mA 

Emitter Cutoff Current 

'ebo 



6 

0 


- 

10 

- 

10 

juA 

DC Forward-Current Transfer 

Ratio 

hFE 


10 

10 


25 a 

1 a 


50 

25 

300 

50 

25 

300 


Collector-to-Emitter Sustaining 
Voltage: 

With base open* 5 

v CEO( sus > 




20 a 

0 

250 


200 


V 

Base-to-Emitter Voltage 

V BE 


10 


25 a 


- 

1 

- 

1 

V 

Emitter-to-Base 

Breakdown Voltage: 
l E = 1 mA 

v (BR)EBO 




0 


7 

- 

7 

- 

V 

Collector-to-Emitter Saturation 
Voltage 

V CE (sat) 




25 a 

2.5 

- 

1 

- 

1 

V 

Magnitude of Common-Emitter, 
Small-Signal, Short-Circuit, 
Forward-Current Transfer Ratio'- 
f = 20 MHz 

l^fe 1 


20 


15 


4 (t 

J 

yp-) 

i 

4 

fP-) 

1 


Gain-Bandwidth Product 

*T 


20 


15 


80 (typ.) 

80 (typ.) 

MHz 

Second-Breakdown 

Collector Current: 

With base forward-biased and 

t = 0.05 s 

>S/b 


100 




100 

- 

100 

- 

mA 

Three-Terminal Feedback 

Capacitance (Miller 

Capacitance) 

^b'c 


20 


25 


- 

2.25 

- 

2.25 

PF 

Thermal Resistance: 

Junction-to-case 

R 0JC 






_ 

20 

_ 

20 

°C/W 

Junction-to-ambient 

R 0JA 







80 

- 

80 


a Pulsed, pulse duration = 300 ms, duty factor <2%. 

^ CAUTION: Sustaining voltage, Vq E q(sus), MUST NOT be measured on a curve tracer. 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (T C ) = 25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

V dc 

CURRENT 

mA dc 

RCP113D 

RCP113C 

V CB 

< 

o 

m 

V BE 

'c 

•b 

Min. 

Max. 

Min. 

Max. 

Collector Cutoff Current: 

With emitter open 

>CBO 

350 

300 






1 

- 

1 

pA 

With base open 

'CEO 


250 

200 



0 

0 

- 

5 

- 

5 

pA 

Emitter Cutoff Current 

'ebo 



6 

0 


- 

10 

- 

10 

ma 

DC Forward-Current Transfer 

Ratio 

hFE 


10 

10 


25 a 

1 a 


30 

15 

150 

30 

15 

150 


Co II ector-to- Emitter Sustaining 
Voltage: 

With base openb 

v CEO (sus) 




20 a 

0 

350 


300 


V 

Base-to-Emitter Voltage 

V BE 


10 


25 a 


- 

1 

- 

1 

V 

Emitter-to-Base 

Breakdown Voltage: 
l E = 1mA 

v (BR)EBO 




0 


7 

- 

7 

- 

V 

Collector-to-Emitter Saturation 
Voltage 

V CE (sat) 




25 a 

2.5 

_ 

1 

_ 

1 

V 

Magnitude of Common-Emitter, 
Small-Signal, Short-Circuit, 
Forward-Current Transfer Ratio : 
f = 20 MHz 

l h fel 


20 


15 


4 (t 

I 

yp.) 

i 

4 (tv 

! 

fp.) 

1 


Gain-Bandwidth Product 

*T 


20 


15 


80 (typ.) 

80 (typ.) 

MHz 

Second-Breakdown 

Collector Current: 

With base forward-biased and 
t = 0.05 s 

>S/b 


100 


; 


100 

- 

100 

- 

mA 

Three-Terminal Feedback 

Capacitance (Miller 

Capacitance) 

^t/c 


20 


25 



2.25 

- 

2.25 

PF 

Thermal Resistance: 

Junction-to-case 

R 0JC 



1 

j 



_ 

20 

_ . 

20 

°C/W 

Junction-to-ambient 

R 0JA 






- 

80 

- 

80 


a Pulsed, pulse duration = 300 ns, duty factor ^ 2%. 

^CAUTION: Sustaining voltage, Vq E q(sus), MUST NOT be measured on a curve tracer. 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 25“C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

V dc 

CURRENT 
mA dc 

RCP113B 

RCP113A 

V CB 

V C E 

V BE 

! C 

! b 

Min. 

Max. 

Min. 

Max. 

Collector Cutoff Current: 

With emitter open 

'CBO 

250 

200 





- 

1 

- 

1 

/iA 

With base open 

'CEO 


175 

150 



0 

0 

_ 

5 

~ 

5 

juA 

Emitter Cutoff Current 

>EBO 



6 

0 


- 

10 

- 

10 

pA 

DC Forward-Current Transfer 

Ratio 

h FE 


10 

10 


25 a 

1 a 


30 

15 

150 

30 

15 

150 


Collector-to-Emitter Sustaining 
Voltage: 

With base open* 3 

v CEO< sus > 




20 a 

0 

250 


200 


V 

Base-to-Emitter Voltage 

LU 

> 


10 


25 a 


- 

1 

- 

1 

V 

Emitter-to-Base 

Breakdown Voltage: 
l[r = 1 mA 

v (BR)EBO 




0 


7 

- 

7 

- 

V 

Collector-to-Emitter Saturation 
Voltage 

Vqj:( sat) 




25 a 

2.5 

- 

1 


1 

V 

Magnitude of Common-Emitter, 
Small-Signal, Short-Circuit, 
Forward-Current Transfer Ratio : 
f = 20 MHz 

! h fe 1 


20 

1 

15 1 


1 

4 (t 

J 

yp-) 

i 

4(b> 

i 

^p.) 

1 


Gain-Bandwidth Product 

*T 


20 


15 


80 (typ.) 



Second-Breakdown 

Collector Current: 

With base forward-biased and 
t = 0.05 s 

's/b 


100 

1 




i 




Three-Terminal Feedback 

Capacitance (Miller 

Capacitance) 

^b'c 


20 

: 

■ 

25 


B 

2.25 

fl 


D 

Thermal Resistance: 

Junction-to-case 

R 0JC 




■ 


■ 

20 

_ 


mi 

Junction-to-ambient 

R 0JA 


J 




- 

80 

- 

80 


a Pulsed, pulse duration = 300 ps, duty factor < 2%. 

^CAUTION: Sustaining voltage, Vqeq(sus), MUST NOT be measured on a curve tracer. 
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RCP111, RCP113, RCP115, RCP1 17 Series File No. 822 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T C )=25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

V dc 

CURRENT 
mA dc 

RCP115B 

RCP115 

V CB 

V CE 

V BE 

■c 

! b 

Min. 

Max. 

Min. 

Max. 

Collector Cutoff Current: 

With emitter open 

'CBO 

250 

100 





- 

50 

- 

50 

pA 

With base open 

'CEO 

■ 





B 


B 


pA 

DC Forward-Current Transfer 

Ratio 

hFE 

■ 






■ 


— 


Collector-to-Emitter Sustaining 
Voltage: 

With base open* 3 


■ 

§ 

■ 

20 a 


■ 

■ 


■ 

V 

Base-to- Emitter Voltage 







- 

1.5 

- 


V 

Emitter-to-Base 

Breakdown Voltage: 
lf= = 1 mA 


■ 


■ 


■ 


■ 

5 

■ 

V 

Collector-to-Emitter Saturation 
Voltage 

V CE (sat) 



■ 


B 

B 


- 


V 

Magnitude of Common-Emitter, 
Small-Signal, Short-Circuit, 
Forward-Current Transfer Ratio'- 
f = 20 MHz 


■ 

ion 

1 


1 


1 


■ 

■ 

Gain-Bandwidth Product 

*T 


WT 




80 (typ.) 



Second-Breakdown 

Collector Current: 

With base forward-biased and 
t = 0.05 s 

■s/b 

1 

75 

1 


1 


1 


■ 

mA 

Three-Terminal Feedback 

Capacitance (Miller 

Capacitance) 

^b'c 

■ 

20 

■ 

25 

■ 




2.25 

pF 

Thermal Resistance: 

Junction-to-case 

R 0JC 






_ 

20 

_ 



Junction-to-ambient 

r 0JA 






- 

80 

- 

80 


a Pulsed, pulse duration = 300 ms, duty factor < 2%. 

^CAUTION: Sustaining voltage, Vq^q(sus), MUST NOT be measured on a curve tracer. 
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RCP111, RCP113, RCP115, RCP1 17 Series 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

Vdc 

CURRENT 
mA dc 

RCP117B 

RCP117 

V CB 

V CE 

V BE 

*C 

•b 

Min. 

Max. 

Min. 

Max. 

Collector Cutoff Current: 

With emitter open 

'CBO 

250 

100 





- 

50 

- 

50 

pA 

With base open 

'CEO 


175 

70 



0 

0 

~ 

100 

- 

100 

juA 

DC Forward-Current Transfer 

Ratio 

h F E 


10 

10 


25 a 

1 a 


20 

10 


20 

10 



Collector-to-Emitter Sustaining 
Voltage: 

With base openb 

v CEO< sus > 




20 a 

0 

250 


100 


V 

Base-to-Emitter Voltage 

< 

CD 

m 


10 


25 a 


- 

1.5 

- 

1.5 

V 

Emitter-to-Base 

Breakdown Voltage: 
l E = 1 mA 

v (BR)EBO 




0 


5 

- 

5 

- 

V 

Collector-to-Emitter Saturation 
Voltage 

V CE (sat) 




25 a 

5 


2 


2 

V 

Magnitude of Common-Emitter, 
Small-Signal, Short-Circuit, 
Forward-Current Transfer Ratio : 
f = 20 MHz 

I^fe 1 


20 


15 


4 (t 

yp-) 

i 

4 

/P-) 

1 1 


Gain-Bandwidth Product 

*T 


20 


15 

n 

80 (typ.) 

80 (typ.) 

MHz 

Second-Breakdown 

Collector Current: 

With base forward-biased and 
t = 0.05 s 

's/b 



1 

1 

■ 

130 

- 


1 

mA 

Three-Terminal Feedback 

Capacitance (Miller 

Capacitance) 

^b'c 


20 


25 


- 

2.25 

- 

2.25 

pF 

Thermal Resistance: 

Junction-to-case 

R 0JC 






_ 

20 

- 

20 

°C/W 

Junction-to-ambient 

R 0JA 







- 

80 

- 

80 


a Pulsed, pulse duration = 300 /ns, duty factor 2%. 

^CAUTION: Sustaining voltage, V CE q(sus), MUST NOT be measured on a curve tracer. 
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RCP111, RCP113, RCP115, RCP117 Series 


File No. 822 



2 4 6 8 10 2 417 6 8 100 200 300 4 6 8 1000 

250 350 

COLLECTOR-TO-EMITTER VOLTAGE (V CE ) -V 


92CS-24I02RI 

Fig. 1— Maximum operating areas for all types. 
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NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
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Fig. 2— Dissipation derating curve for all types. 



AMBIENT TEMPERATURE (T a ) — °C 

92CS- 24104 

Fig. 3— Dissipation derating curve at ambient temperature 
for all types. 
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RCP111, RCP113, RCP115, RCP117 Series 


File No. 822 



92CS-24III 

Fig. 10— Typical junction capacitance vs. reverse-bias base-to-emitter voltage. 


CALIBRATION AND USE OF C b ' c TEST SET 

1. Nulling socket and stray capacitance: 

With the socket empty, adjust R3 and R4 for a null 
output on the readout oscilloscope with the signal gen- 
erator at approximately half output. 

2. Calibration: 

With a known capacitor (smaller than C4) across the 
collector and base terminals of the device-test socket, 
a null will appear on the oscilloscope at some setting of R5. 
Calibrate a readout dial (in pF) on R5 by measuring a 
range of capacitor values. 

An alternate method is to connect an accurate capacitor 
across the collector and base terminals and adjust the 
signal-generator output for a calibrated scope readout, 
e.g., 1 pF = 100 microvolts (peak). 

3. Set-up of operating point Vq^, Iq: 

With the set-up transistor in the socket and Vqq supply at 
10-20 V, set the V£j= supply to the desired operating 
current. Attach the voltmeter (Vq^) as shown in the 
circuit diagram, and adjust Vqq to the desired conditions. 
Remove the voltmeter, and test the units by the method 
chosen from (2) above. 


v cc 



Cl: 1000 pF 
C2, C4: 5 pF 
C3: 2000 pF 

C5: 5 juF, 150 V, electrolytic 
C6: 5 /xF, 25 V, electrolytic 
L1,L2: 40 turns No. 30 bifilar 
L3: 40 turns No. 34 bifilar 
LI, L2, and L3 are wound 
on one 1/2 in. (12.7 mm) 
diameter ferrite rod 2 in. 

(50.8 mm) long. 

R 1 : lOMegtt 
R2: 470 n 

R3, R4: 500 £2 pot., linear taper 
R5: 5000 £2 pot., linear taper 
R6: 1000 £2 
D1 : 1N3195 

All resistors are carbon, 1/2 W 
Fig. 11— Test set used for Miller capacitance (C^ c ). 
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File No. 821 


num/7n Power Transistors 

Solid State RCP700, RCP702, 

RCP704, RCP706 Series 



Features 

n Maximum safe-area-of-operation 
curves specified for dc operation 
b Planar construction for low 
noise and low leakage 
b High gain at high current 

■ Fast switching time 

■ Thermal-cycling ratings 

a P-N-P complements of n-p-n 
types in RCP701, RCP703, 
RCP705, and RCP707 series 


General-Purpose, Medium-Power 
Silicon P-N-P Planar Transistors 

For Large-Signal Applications 


\h FE 

At V CE = 4 V, l c = 500 mA 

v CEO^ sus '^ 

(V) 

50-250 

30-150 

50 min. 

20 min. 

100 

RCP700D 

RCP702D 

- 

- 

80 

RCP700C 

RCP702C 

- 

- 

60 

RCP700B 

RCP702B 

RCP704B 

RCP706B 

40 

RCP700A 

RCP702A 

- 

- 

30 

- 

- 

RCP704 

RCP706 


The RCP700-, RCP702— , RCP704— , and RCP706— series power tran- 
sistors are double-diffused, epitaxial-planar silicon p-n-p transistors. They 
are intended for a wide variety of large-signal, general-purpose applications 
such as complementary vertical deflection, TV sound output, regulators, 
and driver and output stages of audio amplifiers. They are the p-n-p com- 
plements of the n-p-n devices in the RCP701, RCP703, RCP705, and 
RCP707 series*. These devices are supplied in a molded plastic package. 

* See bulletin File No. 820 for data for the RCP701— , RCP703— , RCP705— , and 
RCP707— series devices. 


MAXIMUM RATINGS, Absolute-Maximum Values: 



RCP700D 

RCP700C 

RCP700B 

RCP700A 

RCP704B 

RCP704 



RCP702D 

RCP702C 

RCP702B 

RCP702A 

RCP706B 

RCP706 


COLLECTOR-TO-BASE VOLTAGE V CBQ 

COLLECTOR-TOrEMITTER 

-125 

-105 

-85 

-55 

-85 

-45 

V 

SUSTAINING VOLTAGE: 

With base open Vq E q(sus) 

-100 

-80 

-60 

-40 

-60 

-30 

V 

EMITTER-TO-BASE VOLTAGE V EBQ 

-7 

-7 

-7 

-7 

-5.5 

-5.5 

V 

CONTINUOUS COLLECTOR CURRENT. I c 

-2 

-2 

-2 

-2 

-2 

-2 

A 

CONTINUOUS BASE CURRENT I B 

TRANSISTOR DISSIPATION: P T 

-1 

-1 

-1 

-1 

-1 

-1 

A 

At case temperatures up to 25 C .... 

10 

10 

10 

10 

10 

10 

W 

At ambient temperatures up to 25 C 

1.75 

1.75 

1.75 

1.75 

1.75 

1.75 

W 

At case temperatures above 25 C .... 



Derate linearly 

0.08 W/°C 




At ambient temperatures above 25 C 



Derate linearly 0.014 W/ C 





TEMPERATURE RANGE: 

Storage & Operating (Junction) .... -—65 to +150 ■ C 

PIN TEMPERATURE (During Soldering) 

At distances >1/8 in. (3.17 mm) from 
seating plane for 10 s max 


230 


C 





RCP700, RCP702, RCP704, RCP706 Series 


File No. 821 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T C )=25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS ! 

LIMITS 

UNITS 

VOLTAGE 

Vdc 

CURRENT 

mA dc 

RCP700D 

RCP700C 

V C B 

V CE 

V BE 

■c 

■b 

Min. 

Max. 

Min. 

Max. 

Collector Cutoff Current: 
With emitter open 

'CBO 

-105 

-85 





- 

-0.5 

- 

-0.5 

AiA 

With base open 

'CEO 


-75 

-60 




- 

-100 

- 

-100 

/iA 

With base-emitter 
junction reverse-biased 

'CEV 


-125 

-105 

1.5 

1.5 



- 

-100 

- 

-100 

/uA 

Emitter Cutoff Current 

'ebo 



7 

0 


- 

-100 

- 

-100 

/iA 

DC Forward-Current 

Transfer Ratio 

b FE 


-4 

-4 


— 500 a 
-1000 3 


50 

10 

250 

50 

10 

250 


Collector-to-Emitter 
Sustaining Voltage: 

With base open b 

v CEO (sus) 




-100 a 

0 

-100 


-80 


V 

Base-to-Emitter Saturation 
Voltage 

V BE (sat) 




— 500 a 

-50 

- 

-1.2 

- 

-1.2 

V 

Base-to-Emitter Voltage 

V BE 


-4 


— 500 a 


- 

-1.1 

- 

-1.1 

V 

Collector-to-Emitter 
Saturation Voltage 

V CB (sat) . 




— 500 a 

-50 

- 

-0.8 

- 

-0.8 

V 

Magnitude of Common- 
Emitter, Small-Signal, 
Short-Circuit, Forward- 
Current Transfer Ratio: 
f = 10 MHz 

| h fe| 

- 

-4 


-50 


5 

- 

5 

- 


Gain-Bandwidth Product 



-4 


-50 


50 

- 

50 

- 

MHz 

Second-Breakdown 
Collector Current: 

With base forward- 

biased and t = 50 ms 

'S/b 


-50 




-150 

_ 

-150 

_ 

mA 

Output Capacitance : 
f = 1 MHz 

^obo 

-10 





20 

40 

20 

40 

PF 

Saturated Switching Time 
(V CC = 30V, 

‘B1 = , B2> : 

Turn-on (tj + t r ) 

tON 




-500 

-50 


100 


100 

ns 

Turn-off (t s + tf) 

x OFF 




-500 

-50 

- 

1000 

- 

1000 

Thermal Resistance: 

Junction-to-case 

R 0JC 






- 

12.5 

- 

12.5 

°C/W 

Junction-to-ambient 

R 0JA 






- 

71.4 

- 

71.4 


a Pulsed, pulse duration = 300 /us, duty factor ^ 2%. 


b CAUTION: Sustaining voltage, Vq^q(sus), MUST NOT be measured on a curve tracer. 
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RCP700, RCP702, RCP704, RCP706 Series 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T C )=25°C 




TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 

SYMBOL 

VOLTAGE 

CURRENT 





UNITS 




Vdc 


mA dc 

RCP700B 

RCP700A 




V CB 

< 

o 

m 

V BE 

! C 

! b 

Min. 

Max. 

Min. 

Max. 


Collector Cutoff Current: 












With emitter open 

'CBO 

-70 





- 

-0.5 

- 

- 

HA 



-50 





- 

- 

- 

-0.5 


With base open 



-45 



0 


-100 




*CEO 


-30 



0 

- 


- 

-100 

HA 

With base-emitter 



-85 

1.5 



_ 

-100 

_ 

- 

iuA 

junction reverse-biased 

'CEV 


-55 

1.5 



- 

- 

- 

-100 

Emitter Cutoff Current 

•ebo 



7 

0 


- 

-100 

- 

-100 

juA 

DC Forward-Current 

h FE 


-4 


— 500 a 


50 

250 

50 

250 


Transfer Ratio 


-4 


-1000 3 


10 

- 

10 

- 


Collector-to-Emitter 












Sustaining Voltage: 

With base open* 5 

v CEO< sus) 




-100 a 

0 

-60 

- 

-40 

- 

V 

Base-to-Emitter Saturation 

V BE (sat) 











Voltage 




— 500 a 

-50 


-1.2 

- 

-1.2 

V 

Base-to-Emitter Voltage 

V BE 


-4 


— 500 a 



-1.1 

- 

-1.1 

V 

Collector-to-Emitter 

V CE (sat) 




— 500 a 



-0.8 


-0.8 


Saturation Voltage 




-50 

— 

— 

V 

Magnitude of Common- 












Emitter, Small-Signal, 
Short-Circuit, Forward- 
Current Transfer Ratio: 
f = 10 MHz 

1 h fe| 


-4 


-50 


5 

- 

5 

- 


Gain-Bandwidth Product 

*T 


-4 


-50 


50 

- 

50 

- 

MHz 

Second-Breakdown 












Collector Current: 

With base forward- 

*S/b 


-50 



| 

-150 




mA 

biased and t = 50 ms 


-35 




- 

- 

-285 

- 

Output Capacitance : 
f = 1 MHz 

^obo 

-10 





20 

40 

20 

40 

PF 

Saturated Switching Time 












(V CC = 30V, 

•si = lB2> : 

Turn-on (t,j + t r ) 

l ON 




-500 

-50 


100 


100 


Turn-off (t s + tf) 

t OFF 




-500 

-50 

- 

1000 

- 

1000 

ns 

Thermal Resistance: 












Junction-to-case 

R 0JC 






- 

12.5 

- 

12.5 

°C/W 

Junction-to-ambient 

R 0JA 






- 

71.4 

- 

.71.4 



a Pulsed, pulse duration = 300 ps, duty factor ^ 2%. 


b CAUTION: Sustaining voltage, Vq^q(sus), MUST NOT be measured on a curve tracer. 
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RCP700, RCP702, RCP704, RCP706 Series 


File No. 821 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 25° C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

V dc 

CURRENT 

mA dc 

RCP702D 

RCP702C 

V CB 

V CE 

V B E 

'c 

'b 

Min. 

Max. 

Min. 

Max. 

Collector Cutoff Current: 
With emitter open 

'CBO 

-105 

-85 





- 

-0.5 


-0.5 

HA 

With base open 

'CEO 


-75 

-60 



0 

0 

- 

-100 


-100 

HA 

With base-emitter 
junction reverse-biased 

'CEV 


-125 

-105 

1.5 

1.5 



- 

-100 

- 

-100 

juA 

Emitter Cutoff Current 

'ebo 



7 

0 


- 

-100 

- 

-too 

HA - 

DC Forward-Current 
Transfer Ratio 

h FE 


-4 

-4 


— 500 a 
-1000 3 


30 

10 

150 

30 

10 

150 


Col lector-to- Emitter 
Sustaining Voltage: 

With base open** 

v CEO< sus) 




-1 OO 3 

0 

-100 

~ 

-80 


V 

Base-to-Emitter Saturation 
Voltage 

Vg E (sat) 




— 500 a 

-50 

- 

-1.2 

- 

-1.2 

V 

Base-to-Emitter Voltage 

< 

CD 

m 


-4 


— 500 a 


- 

- 

- 

- 

V 

Col lector-to- Emitter 
Saturation Voltage 

V CE (sat) 




— 500 a 

-50 

- 

-0.8 

- 

-0.8 

V 

Magnitude of Common- 
Emitter, Small-Signal, 
Short-Circuit, Forward- 
Current Transfer Ratio: 
f = 10 MHz 

1 h fe| 


-4 


-50 


5 

- 

5 

- 


Gain-Bandwidth Product 

f T 


-4 


-50 


50 

- 

50 

- 

MHz 

Second-Breakdown 

Collector Current: 

With base forward- 
biased and t = 50 ms 

! S/b 


-50 




-150 

_ 

-150 

_ 

mA 

Output Capacitance : 
f = 1 MHz 

^obo 

-10 





20 

40 

20 

40 

pF 

Saturated Switching Time 
(V CC = 30V, 

•bi = i B2> : 

Turn-on (t d + t r ) 

t ON 




-500 

-50 


100 


100 

ns 

Turn-off (t $ + tf) 

t OFF 




-500 

-50 

- 

1000 

- 

1000 

Thermal Resistance: 
Junction-to-case 

R 0JC 






- 

12.5 

- 

12.5 

°C/W 

Junction-to-ambient 

R 0JA 






- 

71.4 

- 

71.4 



a Pulsed, pulse duration = 300 ns, duty factor ^ 2%. 


b CAUTION: Sustaining voltage, Vq^q(sus), MUST IMOT be measured on a curve tracer. 
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RCP700, RCP702, RCP704, RCP706 Series 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 25° C 




TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 

SYMBOL 

VOLTAGE 


CURRENT 





UNITS 




Vdc 


mA dc 

RCP702B 

RCP702A 




V CB 

LU 

a 

> 

v BE 

*C 

'B 

Min. 

Max. 

Min. 

Max. 


Collector Cutoff Current: 












With emitter open 

*CBO 

-70 





- 

-0.5 

- 

- 

pA 



-50 





- 

- 

- 

-0.5 


With base open 



-45 



0 


-100 




'CEO 


-30 



0 

- 


- 

-100 

pA 

With base-emitter 



-85 

1.5 



- 

-100 

_ 

_ 

pA 

junction reverse-biased 

>CEV 


-55 

1.5 



- ■ 

- 

- 

-100 

Emitter Cutoff Current 

'ebo 



7 

0 


- 

-100 

- 

-100 

pA 

DC Forward-Current 



-4 


— 500 a 


30 

150 

30 

150 


Transfer Ratio 

h FE 


-4 


-1000 3 


10 

- . 

10 

- 


Collector-to-Emitter 












Sustaining Voltage: 

With base open* 3 

v CEO< sus) 




-100 3 

0 

-60 

- 

-40 

- 

V 

Base-to-Emitter Saturation 

V BE (sat) 











Voltage 




-500 3 

-50 

- 

-1.2 

. - 

-1.2 

V 

Base-to-Emitter Voltage 

LU 

CO 

> 


-4 


— 500 a 


- 

-1.1 

- 

-1.1 

V 

Collector-to-Emitter 
Saturation Voltage 

V CE (sat) 




— 500 a 

-50 

- 

-0.8 

- 

-0.8 

V 

Magnitude of Common- 












Emitter, Small-Signal, 
Short-Circuit, Forward- 
Current Transfer Ratio: 
f = 10 MHz 

1 M 


-4 


-50 


5 

- 

5 

- 


Gain-Bandwidth Product 

*T 


-4 


-50 


50 

- 

50 

- 

MHz 

Second-Breakdown 












Collector Current: 

With base forward- 

>S/b 


-50 




-150 




mA 

biased and t = 50 ms 


-35 



- 

- 

- 

-285 

- 

Output Capacitance : 
f = 1 MHz 

Co bo 

-10 





20 

40 

20 

40 

PF 

Saturated Switching Time 












(V CC = 30 V, 

*B1 = , B2) : 

Turn-on (t^ + t r ) 

l ON 




-500 

-50 


100 


100 


Turn-off (t s + tf) 

tOFF 




-500 

-50 

- 

1000 

- 

1000 

ns 

Thermal Resistance: 












Junction-to-case 

R 0JC 






- 

12.5 

- 

12.5 

°C/W 

Junction-to-ambient 

R 0JA 






- 

71.4 

- 

71.4 



a Pulsed, pulse duration = 300 ps, duty factor ^ 2%. 


^ CAUTION: Sustaining voltage, Vq^q(sus), MUST NOT be measured on a curve tracer. 
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a Pulsed, pulse duration = 300 /us, duty factor < 2%. 
b CAUTION: Sustaining voltage, V CE q(sus), MUST NOT be measured c 
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File No. 821 RCP700, RCP702, RCP704, RCP706 Series 


ELECTRICAL CHARACTERISTICS, At Case Temperature ( T C )=25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

Vdc 

CURRENT 

mA dc 

RCP706B 

RCP706 

< 

o 

03 

< 

o 

m 

V B E 

! C 

*B 

Min. 

Max. 

Min. 

Max. 

Collector Cutoff Current: 
With emitter open 

’CBO 

-70 

-40 





- 

-5 

- 

-5 

fiA 

With base open 

'CEO 


-45 

-22 



0 

0 

: 

-1000 

- 

-1000 

HA 

With base-emitter 
junction reverse-biased 

>CEV 


-85 

-45 

1.5 

1.5 



- 

-100 

- 

-100 

HA 

Emitter Cutoff Current 

'ebo 



5.5 

0 


- 

-100 

- 

-100 

l*A 

DC Forward-Current 
Transfer Ratio 

h FE 


-4 


— 500 3 


20 

- 

20 

- 


Col lector-to- Emitter 
Sustaining Voltage: 

With base open* 3 

V C EO< sus ) 




-100 3 

0 

-60 


-30 


V 

Base-to-Emitter Saturation 
Voltage 

V BE (sat) 




— 500 3 

-50 


-1.6 


-1.6 

V 

Base-to-Emitter Voltage 

V BE 


-4 


— 500 a 



-1.5 

_ 

-1.5 

V 

Collector-to-Emitter 
Saturation Voltage 

V CE (sat) 




— 500 a 

-50 

- 

-1.2 

- 

-1.2 

V 

Magnitude of Common- 
Emitter, Small-Signal, 
Short-Circuit, Forward- 
Current Transfer Ratio: 
f = 10 MHz 

1 h fe| 


-4 


-50 


5 

- 

5 



Gain-Bandwidth Product 

*T 


-4 


-50 


50 

- 

50 

- 

MHz 

Second-Breakdown 
Collector Current: 

With base forward- 
biased andt = 50 ms 

's/b 


-50 

-20 




-100 

- 

-500 

- 

mA 

Output Capacitance: 
f = 1 MHz 

c obo 

-10 





20 

40 

20 

40 

PF 

Saturated Switching Time 
(V CC =30V, 

•bi = *B2> : 

Turn-on (t d + t r ) 

tON 




-500 

-50 


100 


100 

ns 

Turn-off (t s + tf) 

tOFF 




-500 

-50 

- 

1000 

- 

1000 

Thermal Resistance: 
Junction-to-case 

R 0JC 






- 

12.5 

- 

12.5 

°C/W 

Junction-to-ambient 

R 0JA 






- 

71.4 

- 

71.4 


a Pulsed, pulse duration = 300 ps, duty factor ^ 2%. 

b CAUTION: Sustaining voltage, V CE q(sus), MUST NOT be measured on a curve tracer. 
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RCP700, RCP702, RCP704, RCP706 Series 


File No. 821 



COLLECTOR-TO-EMITTER VOLTAGE (V CE ) —V 

92CS-24I87RI 

Fig. 1 — Maximum operating areas for RCP700A - RCP700D and RCP702A - RCP702D. 



92CS-24I88 



92CS- 24189 


Fig. 2 — Dissipation derating curve for all types. 


Fig. 3 - Thermal-cycling rating chart for all types. 
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File No. 821 


RCP700, RCP702, RCP704, RCP706 Series 



92CS-24I90RI 


Fig. 4 — Maximum operating areas for RCP704, RCP704B, RCP706, and RCP706B. 
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COLLECTOR CURRENT (I c ) — mA 

92CS-24I9I 



Fig. 5 — Typical static beta characteristics for all types. 


Fig. 6 — Typical saturation-voltage characteristics for all types. 
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COLLECTOR CURRENT (I c ) 


RCP700, RCP702, RCP704, RCP706 Series 


. File No. 821 






i 1— 




Hlllllll 


-0.4 -0.5 -0.6 -0.7 -0.8 -0.9 

BASE-TO- EMITTER VOLTAGE (V BE ) — V 


' CASE TEMPERATURE <T C ) = 25°C^:::: ::: 


1 — 



-2 -4 -6 

COLLECTOR-TO- EMITTER VOLTAGE (V CE ) — V 


Fig. 7 — Typical input characteristics for all types. 


Fig. 8 — Typical output characteristics for all types 






i l !i 


0.4 -0.5 -0.6 -0.7 -0.8 -0.9 

BASE-TO-EMITTER VOLTAGE (V BE ) — V 


TERMINAL CONNECTIONS 

Terminal No. T— Emitter 
Terminal No. 2 — Base 
Terminal No. 3 — Collector 
Terminal No. 4 — Collector 


Fig. 9 — Typical transfer characteristics for all types. 



File No. 820 



Solid State 
Division 


Power Transistors 
RCP701, RCP703, 
RCP705, RCP707 Series 



Features 

■ Maximum safe-area-of-operation 
curves specified for dc operation 

■ Planar construction for low 
noise and low leakage 

b High gain at high current 

■ Fast switching time 

■ Thermal-cycling ratings 

■ N-P-N complements of p-n-p 
types in RCP700, RCP702, 
RCP704, and RCP706 series 


General-Purpose, Medium-Power 
Silicon N-P-N Planar Transistors 

For Large-Signal Applications 



At V CE = 4 V, l c = 500 mA 

v CEO< sus )^ 

(V) 

50-250 

30-150 

50 min. 

20 min. 

100 

RCP701D 

RCP703D 

- 

_ 

80 

RCP701C 

RCP703C 

- 

- 

60 

RCP701B 

RCP703B 

RCP705B 

RCP707B 

40 

RCP701A 

RCP703A 

- 

- 

30 

- 

- 

RCP705 

RCP707 


The RCP701-, RCP703-, RCP705-, and RCP707 -series power tran- 
sistors are double-diffused, epitaxial-planar silicon p-n-p transistors. They 
are intended for a wide variety of large-signal, general-purpose applications 
such as complementary vertical deflection, TV sound output, regulators, 
and driver and output stages of audio amplifiers. They are the n-p-n comple- 
ments of the p-n-p devices in the RCP700, RCP702, RCP704, and RCP706 
series*. These devices are supplied in a molded plastic package. 

* See bulletin File No. 821 for data for the RCP700-, RCP702-, RCP704-, and 
RCP706— series devices. 


MAXIMUM RATINGS, Absolute-Maximum Values: 



RCP701D 

RCP701C 

RCP701B 

RCP701A 

RCP705B 

RCP705 



RCP703D 

RCP703C 

RCP703B 

RCP703A 

RCP707B 

RCP707 


COLLECTOR-TO-BASE VOLTAGE V CBQ 

COLLECTOR-TO-EMITTER 

125 

105 

85 

55 

85 

45 

V 

SUSTAINING VOLTAGE: 








With base open V CEO^ sus ^ 

100 

80 

60 

40 

60 

30 

V 

EMITTER-TO-BASE VOLTAGE V EBQ 

7 

7 

7 

7 

5.5 

5.5 

V 

CONTINUOUS COLLECTOR CURRENT. Iq 

2 

2 

2 

2 

2 

2 

A 

CONTINUOUS BASE CURRENT Ig 

TRANSISTOR DISSIPATION: P T 

1 

1 

1 

1 

1 

1 

A 

At case temperatures up to 25 C .... 

10 

10 

10 

10 

10 

10 

W 

At ambient temperatures up to 25 C .. 

1.75 

1.75 

1.75 

1.75 

1.75 

1.75 

W 

At case temperatures above 25 C .... 



Derate linearly 

0.08 W/°C 





At ambient temperatures above 25 C Derate linearly 0.014 W/ C 

TEMPERATURE RANGE: 


Storage & Operating (Junction) .... 65 to +150 C 

PIN TEMPERATURE (During Soldering) 

At distances 1/8 in. (3.17 mm) from 

seating plane for 10 s max - — 1 - 230 1 - ~ ~~ C 


8-74 
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RCP701, RCP703, RCP705, RCP707 Series 


File No. 820 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 25° C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS ' 

LIMITS 

UNITS 

VOLTAGE 

V dc 

CURRENT 

mA dc 

RCP701D 

RCP701C 

V CB 

V CE 

< 

CD 

m 

'c 

'b 

Min. 

Max. 

Min. 

Max. 

Collector Cutoff Current: 
With emitter open 

'CBO 

105 

85 





- 

0.5 

- 

0.5 

/iA 

With base open 

'CEO 


75 

60 



— 

o o 

- 

100 

- 

100 

HA 

With base-emitter 
junction reverse-biased 

'CEV 


125 

105 

-1.5 

-1.5 



- 

100 

- 

100 

UA 

Emitter Cutoff Current 

'ebo 



-7 

0 


- 

100 

- 

100 

HA 

DC Forward-Current 
Transfer Ratio 

hFE 


4 

4 


500 a 

1000 3 


50 

10 

250 

50 

10 

250 


Collector-to-Emitter 
Sustaining Voltage: 

With base open* 5 

v CEO< sus) 




100 a 

0 

100 


80 


V 

Base-to-Emitter Saturation 
Voltage 

V BE (sat) 




500 a 

50 

- 

1.2 

- 

1.2 

V 

Base-to-Emitter Voltage 

< 

CD 

m 


4 


500 a 


- 

1.1 

- 

1.1 

V 

Collector-to-Emitter 
Saturation Voltage 

V CE (sat) 




500 a 

50 

- 

0.8 

- 

0.8 

V 

Magnitude of Common- 
Emitter, Small-Signal, 
Short-Circuit, Forward- 
Current Transfer Ratio: 
f = 10 MHz 

1 M 


. 4 


50 


5 

- 

5 

- 


Gain-Bandwidth Product 

*T 


4 


50 


50 

- 

50 

- 

MHz 

Second-Breakdown 
Collector Current: 

With base forward- 

biased and t = 50 ms 

■s/b 


50 


i 


200 

- 

200 J 

- 

mA 

Output Capacitance : 
f = 1 MHz 

^obo 

10 



! 


8 

20 

8 

20 

pF 

Saturated Switching Time 
<V CC = 30 V, 

1 B1 = *B2> : 

Turn-on (t^ + t r ) 

l ON 




500 

50 


80 


80 

ns 

Turn-off (t s + tf) 

tOFF 




500 

50 

- 

800 

- 

800 

Thermal Resistance: 
Junction-to-case 

R 0JC 






- 

12.5 

- 

12.5 

°C/W 

Junction-to-ambient 

R 0JA 






- 

71.4 

- 

71.4 


a Pulsed, pulse duration = 300 ns, duty factor ^ 2%. 


k CAUTION : Sustaining voltage, Vq£q(sus), MUST NOT be measured on a curve tracer. 
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RCP701, RCP703, RCP705, RCP707 Series 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 25° C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

— 

UNITS 

VOLTAGE 

Vdc 

CURRENT 

mA dc 

RCP701B 

RCP701 A 

V CB 

V C E 

V BE 

! C 

>B 

Min. 

Max. 

Min. 

Max. 

Collector Cutoff Current: 
With emitter open 

'CBO 

70 

50 





- 

0.5 

- 

0.5 

pA 

With base open 

'CEO 


45 

30 



0 

0 

- 

100 

: 

100 

juA 

With base-emitter 
junction reverse-biased 

'CEV 


85 

55 

-1.5 

-1.5 



- 

100 

- 

100 

m a 

Emitter Cutoff Current 

•ebo 



-7 

0 


- 

100 

- 

100 

a*a 

DC Forward-Current 
Transfer Ratio 

h FE 


4 

4 


500 a 

1000 3 


50 

10 

250 

50 

10 

250 


Collector-to-Emitter 
Sustaining Voltage: 

With base open* 5 

V C eo< sus) 




100 a 

0 

60 


40 


V 

Base-to- Emitter Saturation 
Voltage 

V BE (sat) 




500 a 

50 

- 

1.2 

- 

1.2 

V 

Base-to-Emitter Voltage 

V BE 


4 


500 a 


- 

1.1 

- 

1.1 

V 

Collector-to-Emitter 
Saturation Voltage 

V CE (sat) 




500 a 

50 

- 

0.8 

- 

0.8 

V 

Magnitude of Common- 
Emitter, Small-Signal, 
Short-Circuit, Forward- 
Current Transfer Ratio: 

f = 10 MHz 

l h fe| 


4 


50 


5 

- 

5 

- 


Gain-Bandwidth Product 

f T 


4 


50 


50 

- 

50 

- 

MHz 

Second- Brea kdown 

Collector Current: 

With base forward- 

biased and t = 50 ms 

•s/b 


50 

20 




200 

- 

- 

500 

mA 

Output Capacitance : 
f = 1 MHz 

^obo 

10 





8 

20 

8 

20 

pF 

Saturated Switching Time 
(V CC = 30 V, 

>B1 = 'B2> : 

Turn-on (t^ + t r ) 

tON 




500 

50 


80 


80 

ns 

Turn-off (t s + tf) 

t OFF 




500 

50 

- 

800 

- 

800 

Thermal Resistance: 

Junction-to-case 

R 0JC 






- 

12.5 

- 

12.5 

°C/W 

Junction-to-ambient 

r 0JA 






- 

71.4 

- 

71.4 


a Pulsed, pulse duration = 300 ps, duty factor ^ 2%. 


k CAUTION: Sustaining voltage, Vq^q(sus), MUST NOT be measured on a curve tracer. 
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RCP701, RCP703, RCP705, RCP707 Series 


File No. 820 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T C ) = 25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS ! 

LIMITS 

UNITS 

VOLTAGE 

Vdc 

CURRENT 

mA dc 

RCP703D 

RCP703C 

V CB 

< 

n 

m 

V BE 

'c 

'b 

Min. 

Max. 

Min. 

Max. 

Collector Cutoff Current: 
With emitter open 

'CBO 

105 

85 





- 

0.5 

- 

0.5 

HA 

With base open 

'CEO 


75 

60 



0 

0 

- 

100 

- 

100 

/iA 

With base-emitter 
junction reverse-biased 

'CEV 


125 

105 

-T.5 

-1.5 



- 

100 


100 

HA 

Emitter Cutoff Current 

'EBO 



-7 

0 


- 

100 

- 

100 

HA 

DC Forward-Current 
Transfer Ratio 

h FE 


4 

4 


500 a 

1000 3 


30 

10 

150 

30 

10 

150 


Col lector-to- Emitter 
Sustaining Voltage: 

With base open b 

V C EO< sus > 




100 a 

0 

100 


80 


V 

Base-to-Emitter Saturation 
Voltage 

V BE (sat) 




500 a 

50 

- 

1.2 

- 

1.2 

V 

Base-to-Emitter Voltage 

V BE 


4 


500 a 


- 

1.1 

- 

1.1 

V 

Collector-to-Emitter 
Saturation Voltage 

< 

o 

m 




500 a 

50 

- 

0.8 


0.8 

V 

Magnitude of Common- 
Emitter, Small-Signal, 
Short-Circuit, Forward- 
Current Transfer Ratio.’ 

f = 10 MHz 

l h fe| 


4 


50 


5 

- 

5 

- 


Gain-Bandwidth Product 

*T 


4 


50 


50 

- 

50 

- 

MHz 

Second- Breakdown 

Collector Current: 

With base forward- 

biased and t = 50 ms 

'S/b 


50 




200 

- 

200 


mA 

Output Capacitance : 
f = 1 MHz 

^obo 

10 





8 

20 

8 

20 

pF 

Saturated Switching Time 
(V CC = 30V, 

1 B 1 = 

Turn-on (t d + t r ) 

'ON 




500 

50 


80 


80 

ns 

Turn-off (t s + tf) 

t OFF 




500 

50 

- 

800 

- 

800 

Thermal Resistance: 
Junction-to-case 

R 0JC 






- 

12.5 

- 

12.5 

°C/W 

Junction-to-ambient 

R 0JA 






- 

71.4 

- 

71.4 


® Pulsed, pulse duration = 300 ^s, duty factor ^ 2%. 


b CAUTION: Sustaining voltage, v CEo' sus '* MUST NOT be measured on a curve tracer. 
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RCP701, RCP703, RCP705, RCP707 Series 


ELECTRICAL CHARACTERISTICS, At Case Temperature ( T c ) = 25° C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

V dc 

CURRENT 

mA dc 

RCP703B 

RCP703A 

V CB 

V CE 

V BE 

! C 

'b 

Min. 

Max. 

Min. 

Max. 

Collector Cutoff Current: 
With emitter open 

'CBO 

70 

50 





- 

0.5 

- 

0.5 

A* A 

With base open 

'CEO 


45 

30 



0 

0 

: 

100 

- 

100 

/uA 

With base-emitter 
junction reverse-biased 

'CEV 


85 

55 

-1.5 

-1.5 



- 

100 

- 

100 

AiA 

Emitter Cutoff Current 

'ebo 



-7 

0 


- 

100 

- 

100 

U A 

DC Forward-Current 

Transfer Ratio 

h FE 


4 

4 


500 a 

1000 3 


30 

10 

150 

30 

10 

150 


Collector-to- Emitter 
Sustaining Voltage: 

With base open* 3 

v CEO< sus > 




100 a 

0 

60 


40 


V 

Base-to-Emitter Saturation 
Voltage 

V BB (sat) 




500 a 

50 

- 

1.2 

- 

1.2 

V 

Base-to-Emitter Voltage 

V BE 


4 


500 a 


- 

1.1 

- 

1.1 

V 

Collector-to-Emitter 
Saturation Voltage 

VQ B (sat) 




500 a 

50 

- 

0.8 

- 

0.8 

V 

Magnitude of Common- 
Emitter, Small-Signal, 
Short-Circuit, Forward- 
Current Transfer Ratio: 

f = 10 MHz 

1 M 


4 


50 


5 

- 

5 

- 


Gain-Bandwidth Product 

*T 


4 


50 


50 

- 

50 

- 

MHz 

Second-Breakdown 

Collector Current: 

With base forward- 

biased and t = 50 ms 

'S/b 


50 

20 




200 

- 

500 

- 

mA 

Output Capacitance : 
f = 1 MHz 

^obo 

10 





8 

20 

8 

20 

PF 

Saturated Switching Time 
(V CC = 30V, 

1 B1 = 1 B2> : 

Turn-on (t^ + t r ) 

l ON 




500 

50 


80 


80 

ns 

Turn-off (t s + tf) 

l OFF 




500 

50 

- 

800 

- 

800 

Thermal Resistance: 

Junction-to-case 

R 0JC 






- 

12.5 

- 

12.5 

°C/W 

Junction-to-ambient 

r oja 






- 

71.4 

- 

71.4 


a Pulsed, pulse duration = 300 ps, duty factor ^ 2%. 

** CAUTION : Sustaining voltage, Vq^q(sus), MUST NOT be measured on a curve tracer. 
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RCP701, RCP703, RCP705, RCP707 Series 


File No. 820 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T C )=25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS ] 

LIMITS 

UNITS 

VOLTAGE 

Vdc 

CURRENT 

mA dc 

RCP705B 

RCP705 

V CB 

< 

o 

m 

< 

00 

m 

'c 

'b 

Min. 

Max. 

Min. 

Max. 

Collector Cutoff Current: 
With emitter open 

'CBO 

70 

40 





- 

5 

- 

5 

HA 

With base open 

’CEO 


45 

22 



0 

0 

: 

1000 

- 

1000 

PA 

With base-emitter 
junction reverse-biased 

’CEV 


85 

45 

— T.5 

-1.5 



: 

100 

- 

100 

AiA 

Emitter Cutoff Current 

'ebo 



-5.5 

0 


- 

100 

- 

100 

AtA 

DC Forward-Current 
Transfer Ratio 

UJ 


4 


500 a 


50 

- 

50 

- 


Col lector-to- Emitter 
Sustaining Voltage: 

With base open* 3 

v CEO< sus > 




100 a 

0 

60 


30 


V 

Base-to-Emitter Saturation 
Voltage 

V BE (sat) 




500 a 

50 

- 

1.6 

- 

1.6 

V 

Base-to-Emitter Voltage 

< 

00 

m 


4 


500 a 


- 

1.5 

- 

1.5 

V 

Collector-to-Emitter 
Saturation Voltage 

V CE (sat) 




500 a 

50 

- 

1.2 

- 

1.2 

V 

Magnitude of Common- 
Emitter, Small-Signal, 
Short-Circuit, Forward- 
Current Transfer Ratio: 
f = 1 0 MHz 

| h fe| 


4 


50 


5 

- 

5 

- 


Gain-Bandwidth Product 

f T 


4 


50 


50 

- 

50 

- 

MHz 

Second- Breakdown 

Collector Current: 

With base forward- 

biased and t = 50 ms 

’S/b 


50 

20 




120 

- 

500 

- 

mA 

Output Capacitance : 
f = 1 MHz 

^obo 

10 





8 

20 

8 

20 

pF 

Saturated Switching Time 
<V CC = 30 V. 

*B1 =I B2> : 

Turn-on (t d + t r ) 

*ON 




500 

50 


80 


80 

ns 

Turn-off (t s + tf) 

'OFF 




500 

50 

- 

800 

- 

800 

Thermal Resistance: 
Junction-to-case 

R 0JC 






- 

12.5 

- 

12.5 

°C/W 

Junction-to-ambient 

r oja 






- 

71.4 

- 

71.4 



a Pulsed, pulse duration = 300 us, duty factor ^ 2%. 


** CAUTION : Sustaining voltage, Vq^q(sus), MUST NOT be measured on a curve tracer. 
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RCP701, RCP703, RCP705, RCP707 Series 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 25° C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

Vdc 

CURRENT 

mA dc 

RCP707B 

RCP707 

V CB 

V C E 

V BE 

'c 

'b 

Min. 

Max. 

Min. 

Max. 

Collector Cutoff Current: 
With emitter open 

'CBO 

70 

40 





- 

5 

- 

5 

HA 

With base open 

'CEO 


45 

22 



0 

0 

: 

1000 

- 

1000 

ma 

With base-emitter 
junction reverse-biased 

'CEV 


85 

45 

— T.5 

-1.5 



: 

100 

- 

100 

aiA 

Emitter Cutoff Current 

'ebo 



-5.5 

0 


- 

100 

- 

100 

IjlA 

DC Forward-Current 
Transfer Ratio 

h FE 


4 


500 a 


20 

- 

20 

- 


Col lector -to- Emitter 
Sustaining Voltage: 

With base open b 

v CEO< sus > 




100 a 

0 

60 


30 


V 

Base-to- Emitter Saturation 
Voltage 

Vgg(sat) 




500 a 

50 

- 

1.6 

_ 

1.6 

V 

Base-to-Emitter Voltage 

V BE 


4 


500 a 


- 

1.5 

- 

1.5 

V 

Col lector-to- Emitter 
Saturation Voltage 

V CE (sat) 




500 a 

50 

- 

1.2 

- 

1.2 

V 

Magnitude of Common 
Emitter, Small-Signal, 
Short-Circuit, Forward- 
Current Transfer Ratio: 

f = 10 MHz 

1 h fe| 


4 


50 


5 

- 

5 

- 


Gain-Bandwidth Product 

f T 


4 


50 


50 

- 

50 

- 

MHz 

Second- Breakdown 

Collector Current: 

With base forward- 

biased and t = 50 ms 

's/b 


50 

20 




120 

- 

500 

- 

m A 

Output Capacitance: 
f - 1 MHz 

^obo 

10 





8 

20 

8 

20 

pF 

Saturated Switching Time 
(V CC = 30 V, 

1 B 1 = 

Turn-on (t d + t r ) 

l ON 




500 

50 


80 


80 

ns 

Turn-off (t s + tf) 

'OFF 




500 

50 

- 

800 

- 

800 

Thermal Resistance: 

Junction-to-case 

R 0JC 






- 

12.5 

- 

12.5 

°C/W 

Junction-to-ambient 

r oja 



. 



- 

71.4 

- 

71.4 


a Pulsed, pulse duration = 300 ps, duty factor ^ 2%. 

b CAUTION : Sustaining voltage, V^^qIsus), MUST NOT be measured on a curve tracer. 
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Fig. 1 - Maximum operating for RCP701A - RCP701D, and RCP703A - RCP703D. 
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25 50 75 100 125 150 175 200 225 

CASE TEMPERATURE (T c ) — °C 

92CS-24I88 

Fig. 2 — Dissipation derating curve for all types. 



Fig. 3 — Thermal-cycling rating chart for all types. 
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DC FORWARD -CURRENT TRANSFER RATIO (h FE ) 
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92CS-242I4 

Fig. 7 — Typical input characteristics for all types. 


92CS-242I6 

Fig. 8 — Typical output characteristics for all types. 



BASE-TO- EMITTER VOLTAGE (V BE ) — V 92 cs-24235 
Fig. 9 — Typical transfer characteristics for all types. 


TERMINAL CONNECTIONS 

Terminal No. 1 — Emitter 
Terminal No. 2 — Base 
Terminal No. 3 — Collector 
Terminal No. 4 — Collector 




File No. 778 

□UCBZ7D 

Solid State 
Division 


Power Transistors 
RCS242 



Hometaxial-Base, High-Power 
Silicon N-P-N Transistor 

Rugged, Broadly Applicable Device 
For Industrial and Commercial Use 


Features: 

■ Maximum safe-area-of-operation curves 

■ Low saturation voltages 

■ High dissipation ratings 

■ Thermal-cycle rating curves 


Applications: 
a Series and shunt regulators 

■ High-fidelity amplifiers 
a Power-switching circuits 

■ Solenoid drivers 


The RCA-RCS242 is a silicon n-p-n transistor intended for a 
wide variety of high-power applications. The hometaxial-base 
construction of the device renders it highly resistant to second 
breakdown over a wide range of operating conditions. The 
RCS242 is provided in a JEDEC TO-3 hermetic package. 



Fig. 1 — Current derating curve. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With external base-to-emitter resistance (R BE ) = 100 SI 

With base open 

EMITTER-TO-BASE VOLTAGE 

CONTINUOUS COLLECTOR CURRENT 

CONTINUOUS BASE CURRENT 

TRANSISTOR DISSIPATION 

At case temperatures up to 25°C 

At case temperatures above 25°C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

PIN TEMPERATURE (During Soldering): 

At distances ^ 1/32 in. (0.8 mm) from seating plane for 10 s max. 


V CBO 

50 

V 

V CER (sus) 

50 

V 

V CE o< sus > 

40 

V 

V EBO 

4 

V 

'c 

15 

A 

'b 

7 

A 

P T 

115 

W 


See Fig. 1 

-65 to +200 

°C 


235 

°C 


9-74 
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RCS242 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 25° C 
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TEST CONDITIONS 


CHARACTERISTIC 


Collector-Cutoff Current: 
With emitter open 


Emitter-Cutoff Current 

Collector-to-Emitter Sustaining Voltage: 
With base open 


With external base-to-emitter resistance 
(R be ) = 10012 


DC Forward Current Transfer Ratio 


Base-to- Emitter Voltage 


Common-Emitter, Small-Signal, Short-Circuit 
Forward Current Transfer Ratio: 
f = 1kHz 


Magnitude of Common-Emitter, Small-Signal, 
Short-Circuit, Forward Current Transfer Ratio: 
f = 0.4 MHz 


Common-Emitter, Short-Circuit, Small-Signal, 
Forward Current Transfer Ratio Cutoff 
Frequency 


Forward-Bias Second Breakdown Collector 
Current: 

t = 1 s, nonrepetitive 


VOLTAGE 

Vdc 


CURRENT 

Adc 


V CB V CE 




LIMITS 
RCS242 
Min. I Max. 


Thermal Resistance: 


Junction-to-Case 

R 0JC 



1 Pulsed: pulse duration = 300 jus, duty factor < 2%. 



































RCS242 
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92CS- 19440 


Fig. 7 — Typical input characteristics. 
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m 
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COLLECTOR-TO-EMITTER VOLTAGE (Vce) — V 


92CS-I944I 

Fig. 8 — Typical output characteristics. 



Fig. 9 — Reverse-bias second-breakdown characteristics. 


TERMINAL CONNECTIONS 

Pin 1 — Base 
Pin 2 — Emitter 
Case — Collector 
Mounting Flange — Collector 
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Solid State 
Division 


Power Transistors 

RCS559 

RCS560 



High-Voltage Medium-Power 
Silicon P-N-P Transistors 

For Switching and Amplifier Applications 
In Military, Industrial, and Commercial Equipment 

Features: 

■ High voltage ratings: 

V CE0 (sus) = -200 V max. (RCS560) 

= -225 V max. (RCS559) 
a Large safe-operating area 

■ Complements to 2N3583 transistor family* 

■ Thermal-cycling rating 


The RCA-RCS559 and RCS560 are double-epitaxial silicon 
>-n-p transistors with high breakdown-voltage ratings and 
ast switching speeds. They are supplied in the popular JEDEC 
TO-66 package; they differ in breakdown-voltage ratings and 
eakage-current values. 

Data for the 2N3583 transistor family are supplied in bulletin File No. 138. 


Applications: 

a Power-Switching Circuits 
h Switching Regulators 
o Converters 
■ Inverters 

a High-Fidelity Amplifiers 


TERMINAL CONNECTIONS 


Pin 1 — Base 
Pin 2 — Emitter 

3ase, Mounting Flange — Collector 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open 

With external base-to-emitter resistance (Rg E ) = 50 £7 . . 
With base-emitter junction reverse-biased (Vg E = 1.5 V) 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT (Continuous) 

BASE CURRENT (Continuous) 

TRANSISTOR DISSIPATION: 

At case temperatures up to 100°C and Vq E up to 50 V . 

At case temperatures up to 25°C and Vq E up to 40 V . 

At case temperatures up to 25°C and Vq E above 40 V . 

At case temperatures above 25°C and Vq E above 40 V . 

TEMPERATURE RANGE: 

Storage & Operating (Junction) 

LEAD TEMPERATURE (During Soldering): 

At distance > 1/32 in. (0.8 mm) from case for 10 s max. 


V CBO 

RCS559 

-275 

RCS560 

-250 

V 

v CEO< SLJs) 

-225 

-200 

V 

v cer( sus ) 

-250 

-225 

V 

v CEX( sus) 

-275 

-250 

V 

v EBO 

-6 

-6 

V 

>c 

-2 

-2 

A 

■b 

-1 -1 

A 


20 

20 

W 


35 

35 

W 


See Fig. 1 

See Figs. 1 and 2 

-65 to 200 

°C 


230 °C 


9-74 
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RCS559, RCS560 


ELECTRICAL CHARACTERISTICS, at Case Temperature (T c ) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

Voltage 

V dc 

Current 

A dc 

RCS559 

RCS560 

V CE 

< 

00 

m 

•c 

•e 

•b 

Min. 

Max. 

Min. 

Max. 

Collector-Cutoff Current: 
With base open 

'CEO 

-150 




0 

- 

-5 

- 

-10 

mA 

With base-emitter junc- 
tion reverse-biased 

'CEV 

-250 

-225 

1.5 

1.5 




- 

-0.5 

- 

-1 

With base-emitter junc- 
tion reverse biased and 
T c = 100°C 

-250 

-225 

1.5 

1.5 




_ 

-5 

_ 

-10 

Emitter-Cutoff Current 

'ebo 


6 

4 

0 

0 



_ 

-1 

_ 

-1 

mA 

DC Forward-Current 
Transfer Ratio 

b FE 

-3 


— 0.75 a 



10 

100 

7.5 

- 


Collector-to- Emitter 
Sustaining Voltage: 

With base open 

V C eo( sus ) 



— 0.2 a 


0 

— 225 c 


-200° 


V 

With external base-to- 
emitter resistance 
(R be ) = 50 £2 

V C er(sus) 



— 0.2 a 

1 



■ 

— 225 c 

■ 

With base-emitter junc- 
tion reverse-biased and 
external base-to-emitter 
resistance (R BE ) = 50 Q 

V CEX( SUS ) 


1.5 

— 0.2 a 




1 

— 250 c 

1 

Emitter-to-Base Satura- 
tion Voltage 

V BE (sat) 



— 0.75 a 




D 



V 

Collector-to-Emitter 
Saturation Voltage 

VQ E (sat) 



— 0.75 a 



- 

D 


a 

V 

Output Capacitance: 

V rR = -10V, 
f = 1 MHz 

Oobo 






■ 

220 

__ 

220 

pF 

Forward-Bias, Second- 
Breakdown Collector 
Current: 

t = 1 s, nonrepetitive 

's/b 

-40 







-0.875 


■ 

Magnitude of Common- 
Emitter, Small-Signal, 
Short-Circuit, Forward 
Current Transfer Ratio: 
f = 5 MHz 

l h fe| 

-10 


-0.2 



1 


4 


1 

Sat u rated Swi tc h i n g Ti mes 
(V CC =-200V): 

Rise time 

V 



-1 



1 

0.6 

_ 

0.6 

JUS 

Storage time 




-1 




2.5 

- 

2.5 

Fall time 

tf 



-1 



BH 

0.6 

- 


Thermal Resistance: 
Junction-to-case 

R 0JC 

-10 


-1 



- 

5 

- 

5 

°C/W 


a Pulsed: Pulse duration = 300 jus; duty factor < 2%. b l B1 = Ib2 

Sustaining voltages, Vq E q(su$), p(sus), and Vcex^ sus ^' must NOT be measured on a curve tracer. They should be 
tested by using the circuit in Fig. 4. 
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RCS559, RCS560 



92CS-24658 


Fig. 1 — Maximum operating areas for both types. 


PERCENTAGE OF MAXIMUM DISSIPATION AT 

T C = 25° C OR PERCENTAGE OF RATED 

CURRENT AT SPECIFIED VOLTAGE 

N> Ol ->) O 

Oi O Oi o 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION- LIMITS PORTION 

AND I s / b -LIMITED PORTION OF MAXIMUM - OPERATING- 
AREA CURVES. DO NOT DERATE THE SPECIFIED 

VALUE FOR I C MAX. 
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CASE TEMPERATURE (Tc)-C 

92CS-I5968 

Fig. 2 — Derating curves for both types. 



92CS -19216 

Fig. 3 — Thermal-cycling rating chart for both types. 
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92CS-24660 

Fig. 5 — Maximum operating areas at Tq= 100° C for both types. 


VcEofeu*) 

V CE r(sus) 

! \ ... 

V C EX (sus) 

! |\ 

__ [_ Ll) 

! P 

\ 

j [b 

a | B|r 200 

A| bJ 


A ! B ! f 

\J 

I i 

i — i 

L 

i \\ 


- 2 °?^5 ° 


nqte COLLECTOR -TO- EMITTER VOLTAGE ( V C e)“ V 
SUSTAINING VOLTAGES V CE0 (sus),V CER (sus),AND V CEX (8U$) ARE 


ACCEPTABLE WHEN TRACES FALL TO THE RIGHT AND ABOVE 
POINTS “A" FOR TYPE RCS560, AND POINTS "B" FOR TYPE RCS559 

92CS-24659 


Fig. 6 — Oscilloscope display for measurement of sustaining voltages 
(test circuit shown in Fig. 4). 



Fig. 7 — Typical dc beta characteristic for both types. 



92CS-2466I 

Fig. 8 — Col/ector-to-emitter sustaining voltage 
characteristics for both types. 



Fig. 9 — Typical gain-bandwidth product for types. 
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COLLECTOR CURRENT (I c ) — A 

92CS- 19236 

Fig. 10 — Typical saturation-voltage characteristics for both types. 



92CS- 15974 

Fig. 11 - Typical transfer characteristics for both types. 



92CS-I5980R2 

Fig. 12 — Typical turn-on time and fall-time characteristics for both types. 


PU 

RE 

CO 

Ib 

CA 

m 2 -rpr 

LSE DURATION 2 20 /*s :::::::: 

PETITION RATE- 200 PULSES/* :::::::: 

LLECTOR SUPPLY ^ VOLTAGE (V CC )»-200V 

SE TEMPERATURE (T c )«25° C 

a. 

1 

- 1.5 ;;; 
lli 

2 

t- :::: 

ui :::: 

HHi 

< 1 "" 
oc — 

fc ^ 

0.5 !E:: 

Mi 


0 -0.5 -I -1.5 -2 


COLLECTOR CURRENT (I c )-A 

92CS- I9237RI 

Fig. 13 — Typical storage-time characteristics for both types. 


V CC «-200V 



• ADJUST R b FOR Ib 2 AND R c FOR Ic 

• lB| AND Ib 2 MEASURED WITH TEKTRONIX CURRENT PROBE 

P60I9 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 


92CS— I5977R3 



Fig. 14 — Circuit used to measure saturated switching times for both types. 


Fig. 15 — Phase relationship between input current and output voltage 
showing reference points for specification of switching 
times. (Test circuit shown in Fig. 14). 
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Solid State 
Division 


Power Transistors 
RCS564 



JEDEC TO-3 


300-V, 30-A, 175-W 
Silicon N-P-N 
Switching Transistor 

For Switching Applications in 
Industrial and Commercial Equipment 

Features: 

■ High voltage ratings: 

V C BO = 300V 

■ Maximum safe-area-of-operation curves 

■ High dissipation rating: Py = 175 W 

■ Low saturation voltages 


The RCA-RCS564 is a multiple epitaxial silicon n-p-n power 
transistor utilizing a multiple-emitter-site structure. Multiple- 
epitaxial construction maximizes the volt-ampere characteristic 
of the device and provides fast switching speeds. Multiple- 
emitter-site design assures uniform current flow throughout 
the structure, which produces a high lg/ b and a large safe- 
operation area. 

The device uses the popular JEDEC TO-3 package. 


The exceptional second-breakdown capabilities and high 
voltage-breakdown ratings of the RCS564 make this transistor 
especially suitable for off-line inverters, switching regulators, 
motor controls, and deflection circuit applications. 

The high gain and high Eg/b energy-handling capability of the 
RCS564 make it an excellent choice for motor-control appli- 
cations in which large winding inductances are encountered and 
high surge currents are required to start the motor. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open 

With reverse bias (Vgg) = 0 V (with base-emitter shorted) 
With external base-to-emitter resistance (Rg E ) < 50 & 

EMITTER-TO-BASE VOLTAGE 

CONTINUOUS COLLECTOR CURRENT 

PEAK COLLECTOR CURRENT 

CONTINUOUS BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C and Vq E up to 30 V 
At case temperatures up to 25°C and Vq£ above 30 V . 
At case temperatures above 25° C and Vqe above 30 V 
TEMPERATURE RANGE: 

Storage & Operating (Junction) 

PIN TEMPERATURE (During Soldering): 

At distances > 1/32 in. (0.8 mm) from case for 10 s max. 


v CBO 

300 

V 

v CEO( sus ) 

200 

V 

V CEX( SUS ) 

225 

V 

VcerIsus) 

225 

V 

v EBO 

6 

V 

'c 

10 

A 

'cm 

30 

A 

'b 

10 

A 

Pt 

175 

W 


See Figs. 1 and 2. 
See Figs. 1, 2, and 4. 


-65 to +200 °C 
230 
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RCS564 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25° C unless otherwise specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

Vdc 

CURRENT 

Adc 

RCS564 

UJ 

o 

> 

V BE 

■c 

•b 

Min. 

Typ. 

Max. 

Collector-Cutoff Current: 

With base open 

>CEO 




0 

- 

- 

10 

mA 

With base-emitter junction reverse-biased 

>CEV 

225 

-1.5 



- 

- 

10 

With base-emitter junction reverse- 
biased, and Tq = 1 25°C 

'CEV 

225 

-1.5 

■ 

■ 

- 

- 

25 

Emitter-Cutoff Current 



-6 



- 

- 

5 

mA 

Collector-to-Emitter Sustaining 

Voltage (see Figs. 11 and 12): 

Wit;h base open 

v CEO< sus > 



0.2 



■ 

■ 

V 

With external base-to-emitter 
resistance (R BE ) = 50 £2 

V C er( sus ) 


■ 


■ 


- 

■ 


DC Forward-Current Transfer Ratio 

hFE 

3 


El 



- 

- 


Base-to-Emitter Saturation Voltage 

V BE (sat) 



10 a 

2 

- 

- 


■a 

Collector-to-Emitter Saturation Voltage 

V CE (sat) 



10 a 


- 

- 


1 

Magnitude of Common Emitter, Small- 
Signal, Short-Circuit, Forward Current 
Transfer Ratio: 

f = 1 MHz 

l b fe| 

10 


1 

1 


1 

1 

■ 

Second-Breakdown Collector Current: 
t = 1 s, nonrepetitive 

! S/b c 

30 



■ 

■ 

■ 

■ 

A 

Reverse-Biase Second-Breakdown Energy: 

R b = 50 £2, L = 50 pH 

E S/b d 


-4 

10 

■ 

■ 

■ 

- 

mJ 

Switching Times (Vqq = 200 V): e 

Rise Time 

V 



10 

■ 

_ 

m 



Storage Time 

x s 



10 

1 

- 

d 


Fall Time 

l f 



10 

1 

- 

0.5 

i • 

Thermal Resistance: 

Junction-to-Case 

R 0JC 

10 


5 

- 

- 

- 

■ 

°C/W 


^Es/b is defined as the energy at which second 
breakdown occurs under specified reverse-bias 
conditions. Eg/b = 1/2 Ll^ where L is a series 
load or leakage inductance, and I is the peak 
collector current. 

e l Bi = 1 82 = va ' ue shown: see Figs. 13 — 18. 


a Pulses; pulse duration < 350 ps, duty factor = 2%. 
b CAUTIQN: The sustaining voltages Vq E q(sus) and Vq E r(sus) 

MUST NOT be measured on a curve tracer. These sustaining 
voltages should be measured by means of the test circuit shown 
in Fig. 11. 

c lg/b is defined as the current at which second breakdown occurs 
at a specified collector voltage with the emitter-base junction forward — 
biased for transistor operation in the active region. 
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COLLECTOR-TO-EMITTER VOLTAGE (V C e) — V 

92CS- 24683 


Fig. 1 — Maximum operating areas. 




CASE TEMPERATURE (T c ) — °C 


92CS-I9475 


NUMBER OF THERMAL CYCLES 


92CS-I9476 


Fig. 2 — Dissipation derating and l S / b derating. 


Fig. 3 — Thermal-cycle rating chart. 







COLLECTOR CURRENT (Iq) 
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I COLLECTOR- TO-EMITTER VOLTAGE (Vce) s 5 V 



0.5 I 1.5 2 

BASE-TO- EMITTER VOLTAGE (V BE ) — V 

92CS-I9477 

Fig. 7 — Typical transfer characteristics. 
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COLLECTOR-TO-EMITTER VOLTAGE (V C£ ) — V 
Fig. 8 — Typical output characteristics. 
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COLLECTOR CURRENT (I c ) A 

92CS-24675 

Fig. 9— Typical base-to-emitter saturation voltage characteristics. 


COLLECTOR CURRENT (I c ) A 

92CS-24G76 

Fig. 10 — Typical collector-to-emitter saturation voltage characteristics. 


CLARE MERCURY RELAY 
MODEL No. HGP-1004, 
OR EQUIVALENT 


V CFO (sus) k°V CER (su$ 


39 SI 6 V 


Fig. 11 — Circuit used to measure sustaining voltages 
Vnen(sus) and Vnco(sus). 


& A | 1 / 

- H 0.2 + + - 


„. 2 L -4-\ -- 


go 200 0 225 

COLLECTOR-TO-EMITTER VOLTAGE (V CE )—V 

92CS-24677 

The sustaining voltages Vq E q(sus) and Vq^^Isus) 
are acceptable when the traces fall to the right of 
point "A". 

Fig. 12- Oscilloscope display for measurement of sustaining voltages. 
(Test circuit shown in Fig. 1 1). 
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RCS564 



PULSE DURATION > 20 /*s 

PULSE REPETITION RATE =500 Hz 92CS-I9480RI 


Fig. 13 — Circuit used to measure switching times. 



0 2 4 6 8 10 12 

COLLECTOR CURRENT (Ic) A 


92CS- 24678 

Fig. 15— Typical rise-time characteristic. 



0 I 23456789 10 II 12 


COLLECTOR CURRENT (I c ) A 

92CS -24680 

Fig. 17 — Typical storage-time characteristics for all types 
(with constant forced gain). 



Fig. 14 — Phase relationship between input and output currents showing 
reference points for specification of switching times. 

(Test circuit shown in Fig. 13). 



COLLECTOR CURRENT (I c ) — A 

92CS-24679 


Fig. 16 — Typical fall-time characteristic. 



0 2 4 6 8 10 12 


COLLECTOR CURRENT (I c ) — A 

92CS-2468I 

Fig. 18 — Typical storage-time characteristics for all types 
(with constant base drive). 
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*I B] AND Ib 2 MEASURED WITH 1 EKTRONIX CURRENT PROBE P6019 OR EQUIVALENT 


Fig. 19 — Circuit used to measure inductive-load switching times. 
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92CS -246 82 

Fig. 20 — Typical inductive- and resistive-load fall-time characteristics. 


TERMINAL CONNECTIONS 

Pin 1 — Base 
Pin 2 — Emitter 
Case — Collector 
Mounting Flange — Collector 
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Solid State 
Division 


Power Transistors 
RCS880 



JEDEC TO-39 


High-Voltage 
Silicon P-N-P Transistor 

For High-Speed Switching and Linear-Amplifier 
Applications in Industrial and Commercial Equipment 

Features: 

■ Maximum safe-area-of-operation curves 

■ High voltage rating: 

Vceo^ sus ) = — 150 V min. 


H-1381 


The RCA-RCS880 is an epitaxial silicon p-n-p transistor with 
high breakdown voltages, high frequency response, and fast 
switching speeds. 

Typical applications include high-voltage differential and 
operational amplifiers, high-voltage inverters; and high-voltage, 
low-current switching and series regulators. 



Fig. 1 — Dissipation derating curve. 


MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open Vq|=q( sus ) 

COLLECTOR CURRENT I c 

BASE CURRENT I B 

TRANSISTOR DISSIPATION: P T 

At case temperatures up to 25°C 

At case temperatures above 25°C 

At ambient temperatures up to 50°C 

At ambient temperatures above 50°C Derate linearly at 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

LEAD TEMPERATURE (During soldering): 

At distance > 1/32 in. (0.8 mm) from seating plane for 10s max 


-150 V 

-1 A 

-0.5 A 

7.5 W 

See Figs. 1 and 4 

0.75 W 

5 mW/°C 

-65 to +200 °C 

255 °C 
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ELECTICAL CHARACTERISTICS, At Case Temperature (T c ) = 25° C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 


VOLTAGE 

Vdc 

CURRENT 
mA dc 

RCS880 

< 

o 

m 

LU 

CQ 

> 

•c 

*B 



Collector-Cutoff Current: 

With base open 

*CEO 

-100 



0 

- 


| 

With base-emitter junction reverse-biased 

'CEV 

-150 

1.5 



- 


pA 

Emitter-Cutoff Current 

iEBO 


4 

0 


- 

-30 

juA 

DC Forward-Current Transfer Ratio 

b FE 





20 

150 

1— 

Collector-to-Emitter Sustaining Voltage: 

With base open (See Figs. 2 and 3) 

V C eo( sus ) 



-50 

0 

— 150 a 

- 


Base-to- Emitter Saturation Voltage 

LU 

CQ 

> 





- 

-2.5 

IB 

Collector-to-Emitter Saturation Voltage 

V CE (sat) 




-5 

- 

-3.5 


Forward-Bias, Second- Breakdown 

Collector Current: 

t = 0.20 s, nonrepetitive 

's/b b 

-75 




-100 


mA 

Thermal Resistance: 

Junction-to-Case 

R 0JC 





- 

23.3 

°C/W 


a CAUTION: The sustaining voltage Vceo( sus ) MUST NOT c Pulsed: Pulse duration = 300 ps; duty factor < 2%. 

be measured on a curve tracer. The sustaining voltage should 
be measured by means of the test circuit shown in Fig. 2. 

b *S/b iS defined as the current at which second breakdown 
occurs at a specified collector voltage. 



-V cc (O TO 50V, 
. 100mA) 


TO 

HEWLETT- 
v PACKARD 

? osc. 

MODEL I30B 
OR EQUIV. 



COLLECTOR-TO-EMITTER VOLTAGE (V CE ) 


92CS- 24686 


92CS-24687 


Fig. 2 — Circuit used to measure sustaining voltage 
v CEO (sus) - 


Fig. 3 — Oscilloscope display for measurement of sustaining 
voltages (test circuit shown in Fig. 2). 
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RCS880 



COLLECTOR-TO-EMITTER VOLTAGE (V CE )—V 92CS-24685 


Fig. 4 — Maximum safe operating areas. 



Fig. 5 — Typical dc beta characteristics. 
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Fig. 7 — Typical input characteristics. 
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C0LLECT0R-T0-EMITTER VOLTAGE (V CE ) - V 
Fig. 8 — Typical output characteristics. 



Fig. 9 — Typical transfer characteristics. 


TERMINAL CONNECTIONS 

Lead 1 — Emitter 

Lead 2 - Base 

Lead 3 — Collector, Case 
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Solid State 
Division 


Power Transistors 
RCS881 



JEDEC TO-39 H-1381 


High-Voltage 

Silicon P-N-P Transistor 

For High-Speed Switching and Linear-Amplifier 
Applications in Industrial and Commercial Equipment 


Features: 

n Maximum safe-area-of-operation curves 
h High voltage ratings: 

Vceo^ sus ^ = “250 V min. 


The RCA-RCS881 is an epitaxial silicon p-n-p transistor with 
high breakdown voltages, high frequency response, and fast 
switching speeds. It is provided in the JEDEC TO-39 hermetic 
package. 

Typical applications include high-voltage differential and 
operational amplifiers; high-voltage inverters; and high-voltage, 
low-current switching and series regulators. 



Fig. 1 — Dissipation derating curve. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT 

BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25 C 

At case temperatures above 25 C 

At ambient temperatures up to 50 C 

At ambient temperatures above 50 C 


Derate linearly at 


^CBO 

-250 

V 

V C eo* sus ) 

-250 

V 

^EBO 

-4 

V 

'c 

-1 

A 

! b 

-0.5 

A 

P T 


7.5 

See Figs. 1 and 4 

W 


0.75 

W 


5 

mW/°C 


TEMPERATURE RANGE: 

Storage and Operating (Junction) 

At distance ^ 1/32 in. (0.8 mm) from seating plane for 10 s max. 


—65 to +200 
255 


9-74 
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ELECTRICAL CHARACTERISTICS, Case Temperature (T C )=25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

Vdc 

CURRENT 
mA dc 

RCS881 

V CB 

< 

o 

m 

v BE 

'C 

■b 

Min. 

Max. 

Collector-Cutoff Current: 

With emitter open 

'cbo 

-175 





_ 

-50 

juA 

With base open 

'CEO 


-150 



0 

- 

-50 

ma 

With base-emitter junction reverse-biased 

>CEV 


-200 

1.5 



- 

-50 

//A 

Emitter-Cutoff Current 

•ebo 



4 

0 


- 

-20 

pA 

DC Forward-Current Transfer Ratio 

h FE 


-10 


— 35 b 


20 

- 


Collector-to-Emitter Sustaining Voltage: 

With base open 

Vceo( sus > 




-50 

0 

— 250 a 

_ 

V 

Base-to- Emitter Saturation Voltage 

V BE 


-10 


-50 b 


- 

-1.5 

V 

Collector-to-Emitter Saturation Voltage 

V CE {sat) 




— 50 b 

-5 

- 

-3 

V 

Magnitude of Common-Emitter, Small-Signal, 
Short-Circuit Forward-Current Transfer Ratio: 
f = 5 MHz 

I h fe| 


-10 


-10 


3 

_ 


Real Part of Common-Emitter Small-Signal, 
Short-Circuit Impedance: 
f = 1 MHz 

Re(h ie ) 


-10 


-5 


. 

300 

£2 

Common-Base, Short-Circuit, Input 

Capacitance: 
f = 1 MHz 

C ib 



5 

0 



75 

PF 

Output Capacitance: 
f = 1 MHz 

Gob 

-10 





- 

15 

PF 

Forward-Bias, Second-Breakdown 

Collector Current: 

0.4-s, non-repetitive pulse 

>S/b 


-75 




-100 


mA 

Thermal Resistance: 

Junction-to-Case 

R 0JC 



! 



- 

23.3 

°C/W 


a CAUTION: The sustaining voltage Vq E q(sus) MUST NOT be measured 
on a curve tracer. The sustaining voltage should be measured by means of 
the test circuit shown in Fig. 2. 



b Pulsed: Pulse = 300 jus; duty factor < 2%. 



The sustaining voltage Vq E q(sus) ' s acce P ta b' e when the trace 
falls to the right and above point "A" 

Fig. 3 — Oscilloscope display for measurement of sustaining 
voltages (test circuit shown in Fig. 2). 
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RCS881 



Fig. 4 — Maximum safe operating areas. 




Fig. 5 — Typical tjc beta characteristics. 


Fig. 6— Typical saturated switching times. 
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Solid State 
Division 


Power Transistors 
RCS882 



JEOEC TO-39 


H-1381 


High-Voltage 
Silicon P-N-P Transistor 

For High-Speed Switching and Linear-Amplifier 
Applications in Industrial and Commercial Equipment 

Features: 

■ Maximum safe-area-of-operation curves 

■ High voltage ratings: 

Vceo( sus ) = —300 V max. 


The RCA-RCS882 is an epitaxial silicon p-n-p transistor with 
high breakdown voltages, high frequency response, and fast 
switching speeds. This device is provided in the JEDEC TO-39 
hermetic package. 

Typical applications include high-voltage differential and oper- 
ational amplifiers; high-voltage inverters; and high-voltage, low- 
current switching and series regulators. 


MAXIMUM RATINGS, Absolute-Maximum Values: 



COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With external base-to-emitter resistance (Rg^) = 50 SI 

With base open 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR tURRENT 

BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25 C 

At case temperatures above 25°C 

At ambient temperatures up to 50 C 

At ambient temperatures above 50 C Derate linearly at 

TEMPERATURE RANGE; 

Storage and Operating (Junction) 

LEAD TEMPERATURE (During soldering): 

At distance ^ 1/32 in. (0.8 mm) from seating plane for 10 s max 


V CBO 

-350 

Vcer(sus) 

-350 

v CEO (sus) 

-300 

V EBO 

-6 

'c 

-1 

'b 

-0.5 

P T 

7.5 


See Figs. 1 and 4 
0.75 
5 

-65 to +200 

255 


V 

V 

V 

V 
A 
A 

W 

W 

mW/°C 


°C 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) - 25° C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

VOLTAGE 

Vdc 

CURRENT 
mA dc 

RCS882 

< 

o 

CD 

< 

o 

m 

V BE 

'c 

'B 

Min. 

Max. 

Collector-Cutoff Current: 

With emitter open 

■CBO 

-280 





_ 

-50 

/iA 

With base open 

'CEO 


-250 



0 

- 

-50 

With base-emitter junction reverse- 
biased 

>CEV 


-300 

1.5 



- 

-50 

Emitter-Cutoff Current 

'ebo 



6 

0 


- 

-20 

■XX 

DC Forward-Current Transfer Ratio 

h FE 


-10 





- 


Collector-to-Emitter Sustaining Voltage: 
With base open 

VcEO< sus > 





0 

— 300 3 

- 

■ 

With external base-to-emitter 
resistance (Rg^) = 50 £2 

V C er( sus ) 




-50 


— 350 a 

_ 

Base-to-Emitter Saturation Voltage 

V BE 


Bi 


IE3 


- • 


mm 

Collector-to-Emitter Saturation Voltage 

VcE<sat) 





m 

- 

-3 


Magnitude of Common-Emitter, Small- 
Signal, Short-Circuit Foward-Current 
Transfer Ratio: 
f = 5 MHz 


■ 

-10 

■ 

-10 

i 

3 


■ 

Real Part of Common-Emitter 
Small-Signal, Short-Circuit 

Impedance: 
f = 1 MHz 




■ 

■ 



300 


Common-Base, Short-Circuit, 

Input Capacitance: 
f = 1 MHz 




■ 

■ 

■ 

■ 

■ 

pF 

Output Capacitance: 
f = 1 MHz 







- 

n 


Forward-Bias, Second-Breakdown 
Collector Current: 

0.4-s, non-repetitive pulse 

<S/b c 

-75 



■ 

■ 

-100 

■ 

mA 

Thermal Resistance: 

Junction-to-Case 

R 0JC 






- 

23.3 

°C/W 


a CAUTION: The sustaining voltages VqeqIsus) and Vcer( sus ) MUST 
NOT be measured on a curve tracer. The sustaining voltage should be 
measured by means of the test circuit shown in Fig. 2. 
b Pulsed: Pulse duration = 300 /is; duty factor < 2%. 


c lg/b is defined as the current at which second 
breakdown occurs at a specified collector 
voltage. 



92SS-37I5RI 

Fig. 2 — Circuit used to measure sustaining voltages, Vq^q(sus) and 

v cer( sus )- 



The sustaining voltages VqeqIsus) and Vcer(sus) are acceptable 
when the trace falls to the right and above point "A". 

Fig. 3 — Oscilloscope display for measurement of sustaining voltages 
(test circuit shown in Fig. 2). 
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RCS882 



-10 


-100 


-300 


-1000 


COLLECTOR-TO-EMITTER VOLTAGE (Vce)— V 


Fig. 4 — Maximum safe operating areas. 




Fig. 5 — Typical dc beta characteristics. 


Fig. 6— Typical saturated switching times. 
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File No. 632 


Power Transistors 


Solid State 
Division 


CH2102 

CH2270 

CH2405 

CH3053 


CH3439 

CH3440 

CH4036 

CH4Q37 


CH5262 

CH5320 

CH5321 


CH5322 

CH5323 

CH6479 



Unmounted and Unencapsulated 
N-P-N and P-N-P Silicon Power 
Transistor Chips 


Features: 

n Prepared and tested for use in hybrid circuits 

■ hpE ratings from 30 to 50 (min.) 

■ IqBO leakage ratings in the 10 /liA to 1 mA range 

■ VcEO ratings up to 90 V on planar transistor chips; 

up to 325 V on passivated mesa types 

■ lc up to 12 A (CH6479) 


The transistor chip families described in this bulletin are 
selected from the broad line of RCA discrete power transistors. 
Known also as pellets or dies, these chips represent the essen- 
tial electronic portion of the transistor. They are especially 
suited for direct mounting on a heat sink in hybrid circuits. 
The n-p-n and p-n-p types can be used either singly or in 
complementary-pair configurations for large-signal medium- 
power applications. 

All of the chip families shown are double-diffused epitaxial 
types. Six of the families are of planar construction; the 
other is of a passivated mesa construction. The oxide layer 
that results from conventional planar processing protects the 
planar types. The junctions and surfaces of the mesa 
transistor chips are protected by deposited glass-passivated 
coverings. 

Aluminum has been deposited at the base and emitter 
electrodes of all the transistor chips for ease of bonding. The 
base and emitter bonding areas on each chip will accommodate 
up to a 0.003-inch (0.076-mm)-diameter bond wire except for 
the'CH6479 which will accommodate a 0.01 0-inch (0.254-mm) 
wire. Either thermo-compression or ultrasonic bonding can be 
used to Attach gold wires to these electrodes; aluminum wires 
can also be bonded by conventional ultrasonic techniques. 

The collector contact, which is on the underside of the chip, 
has been metallized with gold for all of the chips except 
CH6479. For all of the chips, the collector can be attached 
directly to a heat sink by adhesive or by gold-silicon or 
gold-germanium eutectic bonding methods. 

The CH6479, because of its large size, must be mounted on a 
heat sink made of material with thermal expansion coefficient 
close to that of silicon; suitable materials are molybdenum or 


beryllium oxide. A special cleaning step is required in mount- 
ing the CH6479, as noted on page 5. 

All of the chips must be mounted in an inert or reduced 
atmosphere. The chips must not be subjected to more than 
400°C for a maximum of 1 minute. Because of the specially 
prepared surfaces of the chips (except as noted for the 
CH6479), etching of the pellets or the use of flux is not 
recommended. 

The chips are supplied in plastic containers. Each chip is 
securely held in a recessed partition of the container by a clear 
plastic cover that also protects the surface from dust and abra- 
sion. For additional protection, the container is sealed in a 
clear plastic bag. If the sealed shipping container is opened 
or broken, ruptured, punctured, or damaged in any way, the 
chips must be stored at a temperature of not more than 40°C 
and a relative humidity of not more than 50% in a clean, dust- 
free environment. If the sealed shipping container is damaged 
on receipt as described above, the product should be im- 
mediately returned to RCA. 

These unmounted and unencapsulated chips are tested elec- 
trically and visually inspected to meet the specifications 
shown on the following pages. Written notification of non-con- 
formance to such specifications must be made to RCA within 
90 days of the date of the shipment by RCA. RCA assumes no 
responsibility for chips which have been subjected to further 
processing, such as, but not limited to, lead-bonding or pellet- 
mounting operations. 

RCA has the right to change the chip design and processing 
without notification. 

Assistance in determining proper mounting and bonding pro- 
cedures is available from RCA. 
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2N2102 Family (n-p-n) CH 2102 CH2405 

CH2270 CH3053 

RCA-CH2102, CH2270, CH2405, and CH3053 are double-diffused n-p-n epitaxial 
planar transistor chips similar to RCA-2N2102, 2N2270, 2N2405, and 2N3053 
transistors, respectively. They can be used either singly or in complementary- 
pair configurations with RCA p-n-p chips CH4036 and CH4037 for large-signal 
medium-^power applications. 

( B ) 4 Base Bonding Areas 0.008 in. (e) Emitter Bonding Area 0.008 irv 

(0.20 mm) diameter (0.20 mm) diameter 


ELECTRICAL CHARACTERISTICS, at Chip Temperature = 25°C 


Characteristic 

Symbol 

Test Conditions 

Limits 

Units 

Voltage 

V dc 

Current 
mA dc 

CH2102 

CH2270 

CH2405 

CH3053 

V CB 

VCE 

1 C 

«E 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Collector Cutoff 

Current 

'CBO 

60 





10 


10 


10 


10 

ma 

Emitter-to-Base 

Breakdown 

Voltage 

V(BR)EBO 




0.01 

5 


5 


5 


5 


V 

Collector-to- 
Emitter Sustaining 
Voltage: 

Base open 3 

VCEO(sus) 



20 


60 


45 


90 


30 


V 

DC Forward- 
Current Transfer 
Ratio b 

hFE 


10 

150 


50 


50 


50 


50 




a CAUTION: This voltage MUST NOT be measured on a curve tracer. b Pulse tested; 2% duty factor, less than or equal to 300 /is duration. 




2N3439 Family (n-p-n) CH3439 

CH3440 

RCA-CH3439 and CH3440 are passivated mesa n-p-n transistor chips similar to those 
used in RCA-2N3439 and 2N3440 high-voltage transistors. Because of their high 
breakdown voltages, good high-frequency response, and fast switching speeds, 
these transistor chips can be used in high-voltage differential and operational 
amplifiers, high-voltage inverters and high-voltage, low-current switching regulators. 

(b) Base Bonding Area 0.005 in. (if) Emitter Bonding Area 0.005 in. 

(0.13 mm) diameter (0.13 mm) diameter 


ELECTRICAL CHARACTERISTICS, at Chip Temperature = 25°C 


Characteristic 

Symbol 

Test Conditions 

Limits 

Units 

Voltage 

V dc 

Current 
mA dc 

CH3439 

CH3440 

V CB 

VCE 

•c 

'E 

Min. 

Max. 

Min. 

Max. 

Collector Cutoff Current 

'CBO 

200 





20 


50 

MA 

Emitter-to-Base Breakdown 
Voltage 

V(BR)EBO 




0.02 

5 


5 


V 

Collector-to-Emitter 
Sustaining Voltage: 

Base open 3 

VcEO(sus) 



20 


325 


250 


V 

DC Forward-Current 
Transfer Ratio b 

h FE 


10 

20 


30 


30 
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0.030 IN. 
( 0.76 mm) 


2N4036 Family (p-n-p) CH4036 

CH4037 

RCA-CH4036 and CH4037 are double-diffused p-n-p epitaxial planar transistor chips 
similar to RCA-2N4036 and 2N4037 transistors. Their high-voltage ratings and heat- 
dissipating ability make them ideal foramplifying large signals at a medium power level. 
They can be used singly or as complements of RCA n-p-n chips CH2102, CH2270, 
CH2405, and CH3053. 

(b) 4 Base Bonding Areas 0.008 in. (e) Emitter Bonding Area 0.008 in. 

(0.13 mm) diameter (0.13 mm) diameter 


ELECTRICAL CHARACTERISTICS, at Chip Temperature = 25°C 


Characteristic 

Symbol 

Test Conditions 

Limits 


Voltage 

V dc 

Current 
mA dc 

CH4Q36 

CH4037 

VCB 

V CE 

'C 

»E 

Min. 

Max. 

Min. 

Max. 

Collector Cutoff Current 

'CBO 

-60 





-10 


-10 

| | 

Emitter-to-Base Breakdown 
Voltage 

V(BR)EBO 




-0.01 

-6.5 


-6.6 


V 

Collector-to-Emitter 
Sustaining Voltage: 

Base open a 

VcEO(sus) 



-20 


-65 


-40 


D 

DC Forward-Current 
Transfer Ratio b 

hFE 


-10 

-150 


35 


35 




2N5262 Family (n-p-n) CH5262 

RCA-CH5262 is a double-diffused n-p-n epitaxial planar transistor 
chip similar to the RCA-2N5262 transistor. Its high speed and 
high current capability make it ideal for use in driving magnetic 
systems and in other applications requiring the switching of high 
currents through inductive loads. 

@ Base Bonding Areas 0.005 in. (e) Emitter Bonding Area 0.005 in. 
(0.13 mm) diameter (0.13 mm) diameter 



ELECTRICAL CHARACTERISTICS, at Chip Temperature = 25°C 


Characteristic 

Symbol 

Test Conditions 

Limits 

Units 

Voltage 

V dc 

Current 
mA dc 

CH5320 

VCB 

V CE 

•c 

>E 

Min. 

Max. 

Collector Cutoff Current 

'CBO 

60 





10 

/iA 

Emitter-to-Base Breakdown 
Voltage 

V(BR)EB0 




0.01 

5 


V 

Col lector-to- E m itter 
Sustaining Voltage: 

Base open a 

VCEO(sus) 



10 


35 


V 

DC Forward-Current 
Transfer Ratio b 

hpE 


6 

100 


30 




a CAUTION: This voltage MUST NOTbfe measured on a curve traceh b Pulse tested; 2% duty factor, less than or equal to 300 fJLs duration. 
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2N5320 Family (n-p-n) CH5320 

CH5321 

RCA-CH5320 and CH5321 are double-diffused n-p-n epitaxial planar transistor chips 
similar to RCA-2N5320 and 2N5321 transistors. They can be used singly or as com- 
plements of RCA p-n-p chips CH5322 and CH5323. 

® 4 Base Bonding Areas 0.008 in. (e) Emitter Bonding Area 0.008 in. 

(0.20 mm) diameter (0.20 mm) diameter 


ELECTRICAL CHARACTERISTICS, at Chip Temperature = 25°C 



Symbol 

Test Conditions 

Limits 

Units 

Voltage 

V dc 

Current 
mA dc 

CH5320 

CH5321 

VCB 

VCE 

'c 

«E 

Min. 

Max. 

Min. 

Max. 


'CBO 

60 





10 


10 

juA 


V(BR)EBO 




0.01 

5 


5 


V 


VCEO(sus) 

■ 



■ 


■ 


m 

V 


hFE 












2N5323 Family (p-n-p) CH5322 

CH5323 

RCA-CH5322 and CH5323 are double-diffused p-n-p epitaxial planar transistor chips 
similar to RCA-2N5322 and 2N5323 transistors. They can be used singly or as com- 
plements of RCA n-p-n chips CH5320 and CH5321 for amplifying large signals at a 
medium power level. 

® 4 Base Bonding Areas 0.008 in. © Emitter Bonding Area 0.008 in. 

(0.20 mm) diameter (0.20 mm) diameter 


ELECTRICAL CHARACTERISTICS, at Chip Temperature = 25°C 


Characteristic 

Symbol 

Test Conditions 

Limits 

Units 

Voltage 

V dc 

Current 
mA dc 

CH5322 

CH5323 

VCB 

VCE 

•c 

lE 

Min. 

Max. 

Min. 

Max. 

Collector Cutoff Current 

'CBO 

-60 





-10 


-10 

MA 

Emitter-to-Base Breakdown 
Voltage 

V(BR)EB0 




-0.01 

-5 


-5 


V 

Collector-to-Emitter 
Sustaining Voltage: 

Base open a 

VCEO(sus) 



-20 


-80 


-55 


V 

DC Forward-Current 
Transfer Ratio b 

h FE 


-10 

-250 


30 


30 




a CAUTION: This voltage MUST NOT be measured on a curve tracer. b Pulse tested; 2% duty factor, less than or equal to 300 /is duration. 
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0.154 (N. 
(3.91 mm) 


CH6479 Family (n-p-n) CH6479 

RCA-CH6479 is a double-diffused n-p-n epitaxial planar transistor 
chip similar to the RCA-2N6479 transistor. Radiation hardening 
makes this type suitable for aerospace applications, and high- 
switching speeds make it ideal for use in high-speed inverters, 
switching regulators, and military hybrid applications. 

(b) Base Bonding Area 0.013 in. (e) Emitter Bonding Area 0.013 in. 
(0.33mm) x 0.091 in. (2.31 mm) (0.33 mm) x 0.091 in. (2.31 mm) 


ELECTRICAL CHARACTERISTICS, at Chip Temperature = 25°C 


Characteristic 

Symbol 

Test Conditions 

Limits 

Units 

Voltage 

V dc 

Current 
mA dc 

CH6479 

VCB 

VCE 

•c 

«E 

Min. 

Max. 

Collector Cutoff Current 

>CBO 

100 





1 

mA 

Emitter-to-Base Breakdown 
Voltage 

V(BR)EBO 




1 

5 


V 

Collector-to-Emitter 
Sustaining Voltage: 

Base open a 

VCEO(sus) 



25 


60 


V 

DC Forward -Current 

T ransfer Ratio b 

hFE 


2 

500 


40 




a CAUTION: This voltage MUST NOT be measured on a curve tracer. 
b Pulse tested; 2% duty factor, less than or equal to 300 /is duration. 


CH6479 Chip Special Clean-Up Schedule: 

Before eutectic mounting, the CH6479 chip must be etched for 30 seconds in a 10% (by volume) 
electronic-grade hydrofluoric acid solution at 25°C ± 5°C with agitation. Normal precautions for 
using hydrofluoric acid should be observed. The chip must then be dried and mounted within 8 hours. 


CHIP INSPECTION INFORMATION 

Each lot is inspected to a 2.5% AQL (cumulative) according 
to Mil Std. 105 using 20 times magnification. The following 
defects determine the inspection criteria: 

Foreign matter adhering -to the base and emitter bond areas. 

Improperly cut pellets that include a portion of another 
pellet. 

Bridging by the metallization which causes a short. 

Blistering, lifting or absence of the aluminum metallization. 


Fractures or edges within 0.0005 in. (0.013) mm of the base 
collector junction. 

Severed base-contact rings that isolate all the bonding pads 
and most of the base area. 

Oxide missing from the junction area. 
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Solid State 
Division 


Power Hybrid Circuits 
HC2000H 



Multi-Purpose 7- Ampere 
Operational Amplifier 


Linear Amplifiers for Applications in Industrial 
and Commercial Equipment 


Features: 

■ Bandwidth: 30 kHz at 60 W 

■ High power output: up to 100 W(rms) 

■ High output current: 7 A (peak) 

■ Built-in load-line-limiting circuit to 
protect amplifiers from accidentally 
short-circuited output terminals 

■ Stability with resistive or reactive loads 

■ Reactive-load fault protection 


■ Single or split power supply 
(30 to 75 V, total) 

■ Provision for feedback control 

■ Direct coupling to load 

■ Class B output stage 

■ Rugged package with heavy leads 

■ Light weight: 100 grams 

■ Low crossover distortion 


RCA-HC2000H* is a complete solid-state hybrid operational 
amplifier in a metal hermetic package. The HC2000H is 
intended for military and critical industrial applications and 
can be supplied in accordance with applicable portions of 
MIL-STD.883. 

The amplifier employs a quasi-complementary-symmetry class B 
output circuit with built-in load-fault protection and home- 
taxial output transistors. The circuit may be operated from a 
single or split power supply. 


Type HC2000H is recommended for the following applications: 
servo amplifiers (ac, dc, PWM); deflection amplifiers; power 
operational amplifiers; audio amplifiers; voltage regulators; 
and driven inverters. 

Additional information on hybrid power amplifiers is con- 
tained in RCA Application Notes AN-4474, AN-4483, and 
AN-4782. Single copies of these publications are available 
upon request from RCA Solid State Division, Box 3200, 
Somerville, N.J. 08876. 


* Formerly RCA Dev. No. TA7626A. 


MAXIMUM RATINGS, Absolute-Maximum Values: 
SUPPLY VOLTAGE: 

Between leads 1 & 10 

OUTPUT CUR R ENT (Peak) 

TOTAL DISSIPATION: 

Per Output Device 

TEMPERATURE RANGE: 

Storage 

Output-Transistor Junction 

LEAD TEMPERATURE (During Soldering): 

At distance > 1/8 in. (3.17 mm) 

from case for 10 s max 

LEAD-BENDING RADIUS (Min.) 

At distance > 0.075 (1.91 mm) 
from case 


75 V 

7 A 

. See Fig. 4 &.5 

-55 to +125°C 
—55 to +150°C 


235°C 


0.04 in. (1.02 mm) 


8-73 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (Tq) = 25PC 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

SUPPLY 

VOLTAGE 

<v s )-v 

FREQ. 

(f ) — kHz 

OUTPUT 
POWER 
(P 0 )— w 

LOAD 

RESIST. 

(R L )-i2 

MIN. 



Open-Loop Voltage Gain 

VOUT 

V|N 

±37.5 

4 

25 

4 

4000 


| 

B 

Closed-Loop Volt- 
age Gain (See Fig. 3) 

VOUT 

V, N 

±37.5 

1 

1 

4 

26 

| 

B 


Input Impedance 

Measured between 
leads 7 & 8 (See F ig. 3) 

Z IN 

- 

• - 

- 

0 

16 

18 

■ 


Quiescent Current 

*o 

±37.5 

_ 

- 

_ 

15 

. - 

30 

m 

Initial Offset Voltage 

Measured between 
leads4&5(SeeFig. 3) 

^offset 


- 

- 

■ 

n 


±250 

B 

Offset Voltage Drift 
with Temperature 

AVoffset/AT 

±37.5 

■ 

- 

n 


0.5 

0.7 

mV/°C 

Bandwidth 

(See Figs. 3 & 8) 

f H 



■ 

1 

: 

4 

43 

- 

- 

kHz 

Total Harmonic Distortion 
(See Figs. 3 & 9) 

THD 

±37.5 

1 


4 

- 

0.4 

0.5 

% 

Short-Circuit Current 
(See Fig. Ill 

■s 

±37.5 

m 

- 


2 


3 

B 

Signal-to-Noise Ratio 
Signal Source 
Impedance =600 £2 

S/N 

±37.5 


- 

- 

■ 

+78 

■ 

dB 

Slew Rate (Unity gain 
with peak output 
current of 4A) 

SR 

±37.5 

m 


■ 

10 

25 

- 

V/jus 

Thermal Resistance 

Per Output Device 
(Junction-to-Case) 

(See Figs. 4 & 5) 

R 0J-C 

- 

- 


- 

- 

- 

2 

°C/W 
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Fig. 3— Type HC2000H power hybrid circuit with external connections (and split power supply) 
for measuring relative response and distortion; see Figs. 8 & 9. 
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AVERAGE POWER DISSIPATION IN EACH 

OUTPUT TRANSISTOR CAN BE CALCULATED 

FROM P T(AV ) = Po — AND EFFICIENCY 

FROM n = — '(M. , WHERE Pn IS THE OUTPUT 
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Fig. 4— Dissipation (average) derating 
curve for each output transistor (for 
symmetrical waveforms with f > 40 
Hz), 
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Fig. 5— Dissipation (dc) derating curve 
for each output transistor. 
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Fig. 6— Maximum allowable supply 
voltage us. load resistance. 


Fig. 7— Closed-loop voltage gain vs. 
externa f feedback resistance. 


OUTPUT POWER (P 0 ) - W 

NOTE: LOW-FREQUENCY RESPONSE DEPENDENT 
UPON INPUT NETWORK; SEE FIG 2. 

p 

p 

- 































— 

— 



— 

— 



— 

— 


— 

— 

- 


— 

— 

- 























__ 

- 






_ 





_ _ 



rz 

_ 





_ 


— 

— 

- 


— 

“P 

- 

L 

DAD 

RES 

w 

1ST 

kNCE 

F 

Wl 

) 


;r 

— 

- 









n 

V 


















d 



















































d 















_ 





_ 


= 




lo 

n 

_ 





I 


— 

— 

- 

- 

• — 




— 

— 

— 

~ 

== 

z 


— 

5 

r- 









































1 10 100 IK 10K 100K 

FREQUENCY (0 - Hz 

92SS-4516R1 


Fig. 8— Output power vs. frequency. 



Fig. 9-Total harmonic distortion with 
split power supply. 


707 





HC2000H 


.File No. 566 



Fig. 10— Maximum efficiency us. fre- 
quency for several values of peak load 
current. 



92SS-4526 


Fig. 1 1 —Characteristics of built-in 
load-line-limiting circuit. 



92SS-4525R1 


Fig. 12— Minimum load impedance us. 
load phase angle and safe area of 
operation. 
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-40 -20 0 20 40 60 

OUTPUT VOLTAGE (V 0 ) -V 


92CS-I7578RI 

Fig. 13— Gain linearity characteristic. 
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0.040" R 
MIN. 


0.075 — 
MIN. 


LEAD SHOULD 
BE UNDISTURBED 
„ OVER THIS 

“length 


92CS-I9983 


Fig. 14— Intermodulation distortion 
with split supply and 4-ohm load. 


Fig. 15- Recommended lead -bending 
specification. 
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File No. 681 



Solid State 
Division 


Power Hybrid Circuits 
HC2500 



Multi-Purpose, Low-Distortion 
7-Ampere Operational Amplifier' 


Linear Amplifier for Applications 
and Commercial Equipment 

Features: 

■ Bandwidth: 30 kHz at 60 W 

■ High power output: up to 100 W(rms) 

■ High output current: 7 A (peak) 

“ Low IMD and THD 

■ Adjustable idling current 

■ Stability with resistive or reactive loads 


in Industrial 


■ Single or split power supply 

(30 to 75 V, single, ±15 to ±37.5, split) 

■ Class AB output stage 

■ Direct coupling to load 

■ Socket available 

s Rugged package with heavy leads 

■ Light weight: 100 grams 


RCA type HC2500® is a complete solid-state hybrid amplifier 
in a compact hermetic package. It employs a quasi-comple- 
mentary-symmetry output circuit with hometaxial-base out- 
put transistors. 

The HC2500 is a low-distortion, 100-watt linear amplifier. The 
output section can be externally biased class AB for low inter- 
modulation and total harmonic distortion. Terminals are 


available for external frequency compensation, external short- 
circuit protection, and inverting and non-inverting inputs. 

The HC2500 is recommended for the following applica- 
tions; servo amplifiers (ac, dc, PWM), deflection amplifiers, 
power operational amplifiers, voltage regulators, driven inver- 
ters, hi-fi amplifiers, PA systems, and solenoid drivers. 

* Derived from RCA Dev. No. TA8651 A. 


+V S 



Fig. 1 —Schematic diagram of type HC2500 operational amplifier. 


9-73 
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HC2500 File No. 681 

MAXIMUM RATINGS , Absolute-Maximum Values: 

SUPPLY VOLTAGE: 

Between leads 1 and 10 75 V 

OUTPUT CURRENT (Peak) 7 A 

TOTAL DISSIPATION: 

Per output device See Figs. 4 & 5 

TEMPERATURE RANGE: 

Storage -55to+125°C 

Output junction _ 55 to +1 50 o c 

LEAD TEMPERATURE (During Soldering): 

At distance > 1/8 in. (3.17 mm) from 

case for 10 s max 235°C 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T c ) = 25° C and Supply Voltage (V s ) = ± 37.5 V 




REFER- 

ENCE 

FIG. 

NO. 

TEST CONDITIONS 

LIMITS 


SPECIAL 

NOTES 

FREQ. 

(f)-kHz 

OUTPUT 

POWER 

(p 0 )-w 

LOAD 

RESIST. 

(Ri_)-n 


TYP. 

MAX. 

Offset Voltage 


3 

Measured 

Pin 3 to Gnd 

- 

- 

4 

- 

- 


| 

Quiescent Current 

'o 

3 

Idling Cur- 
rent < 1 mA 



Open 

- 

- 



Output Voltage Swing 



Peak dc voltage 

0 

200 

4 


- 

- 


Closed- Loop Bandwidth 


Bl 


- 

1 

4 


- 

- 

kHz 

Total Harmonic 

Distortion 

THD 



1 


n 




n 

Closed- Loop Voltage 

Gain 

Acl 

HB 


1 

§ 

4 




1 

Thermal Resistance 


5 


- 


- 

- 

_ 




ELECTRICAL CHARACTERISTICS 

Typical Values (for Design Guidance), At Case Temperature (Tq) = 25° C and Supply Voltage (V$) - ± 37.5 


Open-Loop Voltage 

Gain 

a ol 

8, 19 

Idling cur- 
rent = 50 mA 

1 

25 

4 

- 

70 

- 

dB 

Input Offset Voltage 

v IO 

20 


- 

0 

Open 

- 

±10 

- 

mV 

Input Offset Current 

•io 

20 


- 

0 

Open 

- 

7 

- 

pA 

Input Bias Current 

1 1 B 

20 


- 

0 

Open 

- 

20 

- 

juA 

Common-Mode Input 
Impedance 

r cm 

22 


0.005 

0 

Open 

- 

1 

- 

M£2 

Common-Mode Input- 
Voltage Range 

V ICR 



0.5 

100 

4 

- 

32 

- 

V 

Common-Mode- 
Rejection Ratio 

CMRR 



0.005 

0 

Open 

- 

50 

- 

dB 

Supply-Voltage Ripple- 
Rejection Ratio 

V RR 



0.06 

0 

4 

- 

30 

- 

dB 

Intermodulation 

Distortion 

IMD 

14 

Idling cur- 
rent = 50 mA 

- 

0.05 

4 

- 

0.06 

- 

% 

Slew Rate 

SR 

18 

a C l = 2 

C c = 100 pF 

0.5 

Square 

Wave 

- 

4 

- 

4.3 

- 

V/ps 

Idling-Current Drift 

Al; 

! < 

17 

25° C to 100°C 

- 


4 

, 

1 

- 

mA/°C 
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HC2500 




Fig. 2 — Block diagram of HC2500 100-watt class AB amplifier. 


Fig. 3 — Typical test circuit with split supply for measuring Aql> *i> 
l o- V offset' fH' THD, and IMD. 
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CASE TEMPERATURE <T C ) - »C 



92CS-2I079RI 


Fig. 4 - Dissipation (average) derating curve for each output 
transistor (for symmetrical waveforms with f >40 Hz). 


Fig. 5 — Dissipation derating curve for each output transistor. 



92CS-22505 


Fig. 6 — Maximum operating area for HC2500. 



92CS-2I080 

Fig. 7 — Output power as a function of supply voltage, with various 
values of load resistance, for symmetrical sine-wave operation. 
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92CS -22542 


Fig. 12- Minimum load impedance vs. load phase angle and safe 
area of operation. 




NOTE: LOW-FREQUENCY RESPONSE 
DEPENDENT UPON INPUT NETWORK 
AND AC FEEDBACK COUPLING 
CAPACITOR (C F ) 


FREQUENCY (f) — Hz 


Fig. 13 — Output power vs. frequency. 
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50/tF 12 V 



Fig. 19 — Test circuit for open-loop gain and phase response. 



= - Wft b2 

•lb = 1 00 Rb2 W ‘ th >hQrted 92CS-225I0 

Fig. 20 — Test circuit for input offset voltage and current test. 




Rcm = 9 Rs with series resistance (Rg) increased 
from zero until output'voltage (Vq) is reduced by 10%. 


Fig. 21 — Circuit used to test slew rate. 


Fig. 22 — Test circuit for measuring common-mode input resistance. 


TYPICAL APPLICATION CIRCUITS 



•See Data Bulletin File 531. 

Fig. 23 — Current- feedback motor-control circuit. 
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HC2500 



Fig. 24 — Voltage-feedback motor-control circuit. 




Fig. 25 -AC motor control. (Measured using values shown.) 92 cs- 225 ,6 


Fig. 26 — High-power astable multivibrator. 



P 0 (AV) = 200 W at T C = 25°C. R L =4fl, V s = i34V 
Fig. 27 — Bridge circuit for loads greater than 100 watts. 
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Vs 

54 V 

R out 

60 W 

Idling Current 
(R b = 16812 

50 mA 

THD 

0.15% 

IMD @ 50 mW 

0.06% 

Pin 3 

v offset Jo Gnd. 

+ 100 mV 

Efficiency 

64% 

r l 

4 ohms 


Fig. 28 — Typical circuit connections for operation of HC2500 with 
single-ended supply, and performance data. 


0.075- 

MIN. 


0.040" R 
MIN. 

UJ 

lL 


LEAD SHOULD 
BE UNDISTURBED 
OVER THIS 
LENGTH 


92CS- 21088 


Fig. 29 — Recommended lead-bending specification. 


COMPARISON CHART 


TYPE 

IM DIST. 

@50 mW 

OUTPUT 

PROTECTION 

NETWORK 

OPERATING 

MODE 

FREQUENCY 

COMPENSATION 

COMMUTATING 

DIODES 

HC2500 

0.06% 

NO 

CLASS AB 

CAPACITOR ON 

SIGNAL TERMINALS 

NO 

HC2000H 

5.8% 

YES 

CLASS B 

LC FILTER 

ON OUTPUT 

YES 
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Dimensional Outlines and 
Suggested Mounting Hardware 
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Dimensional Outlines 


HERMETIC PACKAGES 
JEDEC TO-3 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.250 

0.450 

6.35 

11.43 


tpb 

0.038 

0.043 

0.97 

1.09 

2 

<t> D 


0.875 


22.23 


e 

0.420 

0.440 

10.67 

11.18 


ei 

0.205 

0.225 

5.21 

5.72 


F 


0.135 


3.43 


1 

0.312 


7.92 


2 

<j>P 

0.151 

0.161 

3.84 

4.09 


q 

1.177 

1.197 

29.90 

30.40 


n 


0.525 


13.34 


r 2 


0.188 


4.78 


s 

0.655 

0.675 

16.64 

17.15 

1 


NOTES: 

1. These dimensions should be measured at points 0.050 in. 
(1.27 mm) to 0.055 in. (1.40 mm) below seating plane. 
When gage is not used, measurement will be made at 
seating plane. o, rs _i „22 


2. Two pins. 


MODIFIED TO-3 (2N6032, 2N6033) 




SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.416 

0.450 

10.57 

11.43 


<t> b 

0.059 

0.62 

1.499 

1.575 


<P D 

0.750 

0.771 

19.05 

19.583 


e 

0.420 

0.440 

10.67 

11.18 


e 1 

0.205 

0.225 

5.21 

5.72 


F 

0.100 

0.114 

2.54 

2.89 


L 

0.595 

0.625 

15.12 

15.87, 

1 

0P 

0.151 

0.161 

3.84 

4.09 


0P1 

0.200 

0.285 

5.08 

7.239 

2 

q 

1.177 

1.197 

29.90 

30.40 


r i 

- 

0.525 

- 

13.34 


r 2 

- 

0.188 

- 

4.78 


s 

0.655 

0.675 

16.64 

17.15 



NOTES: 


1. Two pins. 

2. Clearance holes for both pms should be 0.285 in. (7.24 mm) 
min. dia. 


MODIFIED TO-3 (2N5575, 2N5578) 

SEATING 




SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.300 

0.350 

7.62 

8.89 


<*>b 

0.059 

0.061 

1.50 

1.55 

2 

<t>D 


0.800 


20.32 


e 

0.420 

0.440 

10.67 

11.18 


e i 

0.205 

0.225 

5.21 

5.72 


F 


0.114 


2.90 


1 

0.440 

0.470 

11.18 

11.94 

2 

<PP 

0.151 

0.161 

3.84 

4.09 


q 

1.177 

1.197 

29.90 

30.40 


r i 


0.525 


13.34 


r 2 


0.188 


4.78 


s 

0.655 

0.675 

16.64 

17.15 

1 


NOTES: 

1. THESE DIMENSIONS SHOULD BE MEASURED AT POINTS 0.050" (1.27 mm) TO 0.055" (1.40 mm) 
BELOW SEATING PLANE. WHEN GAGE IS NOT USED, MEASUREMENT WILL BE MADE AT 
SEATING PLANE. 

2. TWO LEADS. 92CS -17432 
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Dimensional Outlines 


JEDEC TO-8 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.270 

0.330 

6.86 

8.38 

_ 

0b 

0.027 

0.033 

0.686 

0.838 

1 

0D 

0.550 

0.650 

13.97 

16.51 

- 

0D 1 

0.444 

0.524 

11.28 

13.31 

- 

e 

0.136 

0.146 

3.45 

3.71 

_ 

F 


0.115 

- 

2.92 

- 

* 

0.360 

0.440 

9.14 

11.18 

1 

a 

90° NOMINAL 





NOTE: 

1. Three leads. 





SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.170 

0.210 

4.32 

5.33 


0b 

0.016 

0.021 

0.406 

0.533 

1 

0b2 

0.016 

0.019 

0.406 

0.483 

1 

0D 

0.209 

0.230 

5.31 

5.84 


0 D 1 

0.178 

0.195 

4.52 

4.95 


e 

0.100 T.P. 

2.54 

T.P. 

2,4 

ei 

0.050 T.P. 

1.27 T.P. 

2,4 

F 


0.030 


0.762 


j 

0.036 

0.046 

0.914 

1.17 

4 

k 

0.028 

0.048 

0.711 

1.22 

3 

1 

0.500 


12.70 


1 

n 


0.050 


1.27 

1 

12 

0.250 


6.35 


1 

a 

45° T.P. 

1 



5 


NOTES: 

1. (Three leads) 0b2 applies between li and 12- 0b applies between I2 and 
0.5 in. (12.70 mm) from seating plane. Diameter is uncontrolled in lj 
and beyond 0.5 in. (12.70 mm) from seating plane. 

2. Leads having maximum diameter 0.019 in. (0.483 mm) measured in 
gaging plane 0.054 in. (1.37 mm) + 0.001 in. (0.025 mm) - 0.00 in. 

(0.00 mm) below the seating plane of the device shall be within 0.007 in. 
(0.178 mm) of their true positions relative to a maximum-width tab. 

3. Measured from maximum diameter of the actual device. 

4. The device may be measured by direct methods or by the gage and gaging 
procedure described on gage drawing GS-2. 

5. Tab centerline. 


JEDEC TO-36 


SEATING PLANE 



92CS-24690 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

_ 

0.520 

_ 

13.21 


<j> D 

- 

1.250 

- 

31.75 


* J 

- 

0.140 

- 

3.56 


k 

- 

0.312 

- 

7.92 

1 

L 

0.610 

0.710 

15.49 

18.03 


m 

- 

0.190 

- 

4.83 


N 

0.375 

0.500 

9.53 

12.70 


r 

0.345 NOMINAL 

8.76 NOMINAL 


W 

1 

1 

2 


NOTES: 


1. INSULATED LOCATOR PIN. 

2. 10-32 UNF-2A. MAXIMUM PITCH DIAMETER OF PLATED 
THREADS SHALL BE BASIC PITCH DIAMETER 0.1697 in. 
(4.31 mm) REFERENCE (SCREW THREAD STANDARDS FOR 
FEDERAL SERVICES 1957) HANDBOOK H28 1957 PI. 

3. CONTROLLING DIMENSION: INCH. 
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Dimensional Outlines 


JEDEC TO-39/TO-5 


MODIFIED TO-39 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

<£> 3 

0.190 

0.210 

4.83 

5.33 


A 

0.240 

0.260 

6.10 

6.60 


0b 

0.016 

0.021 

0.406 

0.533 

2 

0b2 

0.016 

0.019 

0.406 

0.483 

2 

0 D 

0.350 

0.370 

8.89 

9.40 


0Dt 

0.305 

0.335 

8.00 

8.51 


h 

0.009 

0.041 

0.229 

1.04 


j 

0.028 

0.034 

0.711 

0.864 


k 

0.029 

0.040 

0.737 

1.02 

3 

L I' 0 " 

1.500 


38.10 


2 

[leac. 






^ I short 

0.500 


12.70 


2 

(lead 






h 


0.050 


1.27 

2 

12 

0.250 


6.35 


2 

p 

0.100 


2.54 


1 

Q 





4 

a 

450 NOMINAL 





900 NOMINAL 





Note 1 : This zone is controlled for automatic handling. 
The variation in actual diameter within this 
zone shall not exceed 0.010 in. (0.254 mm). 

Note 2: (Three Ieads)0b2 applies between l-j and 12- 
0b applies between 1 2 and I. Diameter is 
uncontrolled in i-|. 

Note 3: Measured from maximum diameter of the actual 
device. 

Note 4: Details of outline in this zone optional. 




MEASURING POINT 



Note 1 : This zone is controlled for automatic handling. The variation in actual diameter 
within this zone shall not exceed 0.010 in. (0.254 mm). 

Note 2: (Three leads) 0b2 applies between 1 1 and 12- 0b applies between I 2 and 0.5 in. 
(12.70 mm) from seating plane. Diameter is controlled in h and beyond 0.5 
in. (12.70 mm) from seating plane. 

Note 3: Measured from maximum diameter of the actual device. 

Note 4: Details of outlinein this zone optional. 

92CS-20893 


TO-39/TO-5 WITH HEAT RADIATOR 



WELDED TO 
HEAT-RADIATOR 



STANDOFFS 




INCHES 

MILLIMETERS 

NOTES 


MIN. 

MAX. 

MIN. 

MAX. 

A 

_ 

0.630 

_ 

16.00 


D 

1.205 

1.235 

30.61 

31.37 


Dl 

0.775 

0.785 

19.69 

19.93 


E 

0.875 

0.905 

22.22 

22.99 


F 

0.040 

0.055 

1.02 

1.40 


F 1 

0.160 

0.195 

4.06 

4.95 


, (long 
[lead 

1.410 

" 

35.81 

- 


I short 

(lead 

0 P 

0.410 

0.295 

0.305 

10.41 

7.493 

7.747 


0Pl 

0.093 

0.095 

2.362 

2.413 


N 

0.048 

0.062 

1.21 

1.57 


Ni 

0.998 

1.002 

25.349 

25.450 

3 

W 

0.048 

0.052 

1.219 

1.320 



NOTES: 


1. 0.035 C.R.S., finish-electroless nickel plate. 

2. Recommended hole size for printed-circuit board is 0.070 in. (1.78 mm) dia. 

3. Measured at bottom of heat-radiator. 92CS-22335 
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Dimensional Outlines 


TO-39/TO-5 WITH FLANGE 




NOTES: 

1. True position. 

2. Tab centerline. 


92CS-22333 



NOTES: 92CS-20225 

1. DIMENSION DOES NOT INCLUDE SEALING FLANGES. 

2. PACKAGE CONTOUR OPTIONAL WITHIN DIMENSIONS 
SPECIFIED. 

3. PITCH DIAMETER - THREAD 5/16-24 UNF-2A (COATED). 

REFERENCE (SCREW THREAD STANDARDS FOR FED- 
ERAL SERVICES - HANDBOOK H-2B). 

4. THIS TERMINAL CAN BE FLATTENED AND PIERCED 
OR HOOK TYPE. 

5. POSITION OF LEADS IN RELATION TO THE HEXAGON 
IS NOT CONTROLLED. 
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Dimensional Outlines 

JEDEC TO-66 


SEATING 



TO-66 WITH HEAT RADIATOR 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.250 

0.340 

6.35 

8.64 


0b 

0.028 

0.034 

0.711 

0.863 


0 D 

- 

0.620 

- 

15.75 

1 

0Dt 

0.470 

0.500 

11.94 

12.70 


e 

0.190 

0.210 

4.83 

5.33 

2 

®i 

0.093 

0.107 

2.38 

2.72 

2 

Fl 

0.050 

0.075 

1.27 

1.91 


p 2 

- 

0.050 

- 

1.27 

1 

L 

0.360 

- 

9.14 

- 


Li 


0.050 

- 

1.27 

3 

0P 

0.142 

0.152 

3.61 

3.86 


q 

0.958 

0.962 

24.33 

24.43 


R 

- 

0.350 

- 

8.89 


R 1 

- 

0.145 

- 

3.68 



0.570 

0.590 

14.48 

14.99 



NOTES: 

1. Body contour is optional within zone defined by 0D and F 2 . 


2. These dimensions should be measured at points 0.060 in. 
(1.27 mm) to 0.055 in. (1.40 mm) below seating plane. When 
gage is not used, measurement will be made at seating plane. 

3. 0b applies between L-| and L. Diameter is uncontrolled in L^. 



4. The seating plane of header shall be flat within 0.001 in. (0.025 mm) 
concave to 0.004 in. (0.10 mm) convex inside a 0.520 in. (13.21 mm)' 
diameter circle on the center of the header and flat within 

0.001 in (0.025 mm) concave to 0.006 in. (0.15 mm) convex overall. 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

— 

0.620 

— 

15.75 


0b 

0.028 

0.034 

0.711 

0.864 


D 

0.750 

0.760 

19.05 

19.30 


Dl 

0.370 

0.385 

9.40 

9.78 


d 2 

0.820 

0.920 

20.83 

23.37 


E 

1.297 

1.327 

32.94 

33.70 


El 

0.546 

0.566 

13.87 

14.37 


e 

0.190 

0.210 

4.83 

5.33 


F 

0.30 

0.55 

7.62 

13.97 


Fl 

0.175 

0.210 

4.44 

5.33 


L 

0.270 

- 

6.86 

- 


N 

0.052 

0.065 

1.32 

1.65 


Nl 

1.098 

1.102 

27.89 

27.99 

1 

N2 1 

0.448 

0.452 

11.38 

11.47 


N3 

0.099 

0.113 

0.25 

0.29 


n 4 

0.498 

0.502 

12.65 

12.75 


W 

0.048 

0.060 

1.22 

1.52 



NOTES: 

1 . Measured at bottom of heat radiator. 

2. 0.035 in. (0.889) C.R.S., tin plated. 

3. Recommended hole size for printed-circuit board is 
0.070 in. (1.778) dia. 



BOTTOM 

VIEW 



92CS-I7444RI 


Note 1: (Four leads). Maximum number leaus omitted in this out- 
line, "none" (0). The number and position of leads actually present 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

Min. 

MAX. 

MIN. 

MAX. 

A 

0.170 

0210 

4.32 

5.33 


0b 

0.016 

0.021 

0.406 

0.533 

2 


0 016 

0.019 

0.406 

0.483 

2 

PD 

0.209 

0.230 

5.31 

5.84 


0D, 

0.178 

0.195 

4.52 

4.95 


e 

0.100 T.P. 

2.54 T.P. 

4 

el 

0 050 T.P. 

1.27 T.P. 

4 

h 


0.030 


0.762 


j 

0.036 

0.046 

0.914 

1.17 


k 

0.028 

0.048 

0.711 

1.22 

3 

1 

0.500 


12.70 


2 

■ l 


0.050 


1.27 

2 

*2 

0.250 


6.35 


2 


45* 

T.P. 

45° 

T.P. 

4. 6 


are indicated in the product registration. Outline designation deter- Note 4: Leads having maximum diameter 0.019 in. (0.484 mm) 

mined by the location and minimum angular or linear spacing of measured in gaging plane 0.054 in. (1.37 mm) +0.001 in. (0.025 


any two adjacent leads. 


mm) — 0.000 (0.000 mm) below the seating plane of the product 


Note 2: (All leads) 0b 2 applies between li and l 2 . 0b applies be- 
tween l 2 and 0.50 in. (12.70 mm) from seating plane. Diameter is 
uncontrolled in 1^ and beyond 0.50 in. (12.70 mm) from seating 
plane. 


shall be within 0.007 in. (0.178 mm) of their true position relative 
to a maximum width tab. 

Note 5: The product may be measured by direct methods or by 
gage. 


Note 3: Measured from maximum diameter of the product. 


Note 6: Tab centerline. 
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Dimensional Outlines 


RADIAL PACKAGE 




MAX. 


MILLIMETERS 


0.200 
0.125 
015 0.019 

0.015 
0.710 
515 0.690 

042 0.046 

0.705 
0.510 
90° ± 2° 


3.17 
0.48 
0.38 
18.03 
17.52 
1.16 
I 17.90 
| 12.95 
90° ± 2° 


NOTE: 

1. CONTROLLED AREA OF THE DIAMETER DOES NOT 
INCLUDE THE BRAZED AREA AROUND THE CERAMIC 
AND TERMINAL 2. 


92CS- 20224 


HYBRID-CIRCUIT PACKAGE 



DIMENSIONS IN INCHES AND 
MILLIMETERS (VALUES IN PARENTHESES) 

"TERMINALS 6 AND II ARE CONNECTED INTERNALLY 


PLASTIC PACKAGES 

PLASTIC TO-5 AND PLASTIC TO-5 WITH HEAT CLIP 



— 4 -- 




L-i 


92CS-I9280 


SYMBOL 

INC 

HES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.385 

0.395 

9.78 

10.03 


Al 

0.251 

0.261 

6.37 

6.63 


0b 

0.016 

= 0.019 

0.41 

0.48 

2 

C 

0.858 

21.79 


Cl 

0.750 

= 19.05 


D 

Q.305 | 0.315 

7.75 | 8.00- 


Dl 

0.300 

7.62 


d 2 

0.070 

1.77 


D3 

0.0329 

0.813 


d 4 

0.021 

0.041 

0.533 

1.04 


0d 

0.073 

0.077 

1.85 

1.95 


E 

0.145 

0.155 

3.68 

3.94 


e 

0.195 

0.205 

4.95 

5.21 


ei 

0.095 

0.105 

2.41 

2.67 


e 2 

0.070 

0.080 

1.78 

2.03 


i 

0.725 

0.745 

18.41 

18.91 



0.125 

0.250 

3.17 

6.35 


0 P 

0.112 

0.118 

2.84 

2.99 



NOTE 1: To attach to heat-sink, use a 4-40 bindingr 
head screw and a No. 4 flat washer. The recom- 
mended screw torque (for even distribution of 
mounting pressure and optimum thermal contact) 
is 6 in.-lb. 

NOTE 2: Three leads. Leads are pretinned to the 
Xl dimension. 

NOTE 3: Lead numbering from right to left with 
rectangular metal slug facing observer. 

NOTE 4: Tab to be sheared through and set inward 
as shown. 
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Dimensional Outlines 


JEDEC TO-219AA 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.160 

0.200 

4.07 

5.08 


b 

0.045 

0.060 

1.15 

1.52 


c 

0.025 

0.045 

0.64 

1.14 


D 

0.890 

0.910 

22.61 

23.11 


D 1 

0.480 

0.515 

12.20 

13.08 


E 

0.480 

0.520 

12.20 

13.20 


e 1 

0.460 

0.505 

11.69 

12.82 

1 

F 

0.055 

0.070 

1.40 

1.77 


L 

0.370 

0.450 

9.40 

11.43 

2 

P 

0.128 

0.150 

3.26 

3.81 


q 

0.740 

0.760 

18.80 

19.30 


s 

0.500 

0.520 

12.70 

13.20 



NOTES: 

1. e-j is measured at seating plane. 

2. Terminal end configurations are optional. 


JEDEC TO-219AB 




SYMBOL 

INCHES 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.160 

0.200 

4.07 

5.08 

b 

0.045 

0.060 

1.15 

1.52 

c 

0.025 

0.045 

0.64 

1.14 

D 

0.890 

0.910 

22.61 

23.11 

°1 

0.480 

0.515 

12.20 

13.03 

E 

0.480 

0.520 

12.20 

13.20 

F 

0.055 

0.070 

1.40 

1.77 

Jl 

0.100 

0.120 

2.54 

3.04 

L 2 

0.415 

0.560 

10.54 

14.22 

P 

0.128 

0.150 

3.26 

3.81 

q 

0.740 

0.760 

18.80 

19.30 

s 

0.500 

0.520 

12.70 

13.20 


NOTE: Terminal end configurations are optional. 

92SS- 3599 R2 
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Dimensional Outlines 


JEDEC TO-220AA 




92CS-17990R1 


JEDEC TO-220AB 




92CS-I799IRI 


NOTES: 

1. Tab contour optional within H-j and E. 

2. Position of lead to be measured 0.050 - 0.055 in. (1.27 - 1.40 rhm) 
below seating plane. 


NOTES: - 

1. Tab contour optional within H-| and E. 

2. Position of lead to be measured 0.250 — 0.255 in. (6.35 — 6.48 mm) 
from case. 


RCP PLASTIC PACKAGE 



92CS- 24062 



1. Package contour optional within dimensions specified. 

2. Lead dimensions uncontrolled in this zone. 

3. Chamfer on tab optional. 

4. Controlling dimensions: inch. 
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Mounting Hardware — 

HERMETIC PACKAGES 


TO-3 



2 LOCK WASHERS^ 


2 SCREWS, 6-32 

NOT AVAILABLE FROM RCA 


495320-1 

MICA INSULATOR 

SUPPLIED WITH DEVICE 


HEATSINK 

(CHASSIS) 

495334-7 

2 NYLON INSULATING 
BUSHINGS 

I.D. = 0.156 in. (4.00 mm) 
SHOULDER DIA. = 0.250 in. 
(6.40 mm) MAX., 
SHOULDER THICKNESS 
= 0.050 in. (1.27 mm) MAX. 

SUPPLIED WITH DEVICE 


2 HEX. NUTS^^ 
2 SOLDER LUGS^/^) 
2 HEX. NUTS 


> NOT AVAILABLE FROM RCA 


92CS-22558 


Modified TO-3 



TO-8 


2 SCREWS, 6-32 

NOT AVAILABLE FROM RCA 



DF13C 

CLAMP 

SUPPLIED WITH DEVICE 



SHOULDER THICKNESS = 
0.050 in. (1.27 mm) MAX. 


2 METAL WASHERS 
2 LOCK WASHERS 
2 HEX. NUTS 


SUPPLI ED WITH DEVICE 

1 

> NOT AVAILABLE FROM RCA 
N "J 92CS-22S62 


2 SCREWS 6-32 

NOT AVAILABLE FROM RCA 


DF-238A 

MICA INSULATOR 

AVAILABLE AT PUBLISHED 
HARDWARE PRICES 


HEATSINK 

(CHASSIS) 


495334.7 

2 NYLON INSULATING 
BUSHINGS 

I.D. = 0.156 in. (4.00 mm) 
SHOULDER DIA. = 0.250 in. 
(6.40 mm) MAX., 
SHOULDER THICKNESS 
= 0.050(1.27) MAX. 

SUPPLIED WITH DEVICE 


NOT AVAILABLE FROM RCA 


92CS-22556 
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TO-39 or TO-5 
With Flange 



2 SCREWS, 4-40 

NOT AVAILABLE FROM RCA 



0.050 in. (1.27 mm) MAX. 


2 METAL WASHERS 
2 LOCK WASHERS 


AVAILABLE AT PUBLISHED 
HARDWARE PRICES 


TO-66 

f- 



TO-36 



10-32 THREAD 


DF7A 

MICA INSULATOR 

SUPPLIED WITH DEVICE 



NR66B 

METAL WASHER 


495334-5 
DELRIN* INSULATING 
BUSHING 

I.D. = 0.204 in. (5.18 mm) 
supplied O.D. = 0.5 in. (12.7 mm) 
with SHOULDER DIA. = 0.250 in. 
device (5.40 mm) MAX. 

SHOULDER THICKNESS 3 
0.052 in. (1.32 mm) MAX. 
supplied with device 


* REG. TRADEMARK 

E. I. DUPONT DE NEMOURS & CO. 

92CS-2479I 


Mounting Hardware 


2 SCREWS, 6-32 

NOT AVAILABLE FROM RCA 


DF31A 

MICA INSULATOR 

SUPPLIED WITH DEVICE 


HEATSINK 

(CHASSIS) 


495334-7 

2 NYLON INSULATING BUSHINGS 
I.D. = 0.156 in. (4.00 mm) 
SHOULDER DIA. = 

0.250 in. (6.40 mm) 

SHOULDER THICKNESS 3 
0.050 in. (1.27 mm) MAX. 

SUPPLIED WITH DEVICE 


NOT AVAILABLE 
FROM RCA 


92CS-22560 
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Mounting Hardware 

PLASTIC PACKAGES 

TO-219AB TO-220AB 



2 SCREWS, 4-40 

NOT AVAILABLE FROM RCA 

2 METAL WASHERS 

NOT AVAILABLE FROM RCA 


DF114B 

MICA INSULATOR 
SUPPLIED WITH DEVICE 

HEAT SINK 

495334 8 

2 INSULATING BUSHINGS 
I.D.- 0.130 in. (3.30 mm) 

SHOULDER DIA. = 0.218 in. (5.54 mm) 
SHOULDER THICKNESS = 


2 METAL WASHERS 

© 

2 LOCK WASHERS 

© 

2 HEX. NUTS 


1 SOLDER LUG 


2 HEX. NUTS 



0.050 in. (1.27 mm) MAX. 
SUPPLIED WITH DEVICE 


► NOT AVAILABLE FROM RCA 

92CS-24798R1 



HEX NUT 
SOLDER LUG , 


SCREW, 6-32 

NOT AVAILABLE FROM RCA 

NR231A 

RECTANGULAR METAL 
WASHER 

AVAILABLE AT PUBLISHED 
HARDWARE PRICES 

DF103B 

MICA INSULATOR 
HOLE DIA. = 0.145-0.141 in. 
(3.68-3.58 mm) 

SUPPLIED WITH DEVICE . 


495334-7 

INSULATING BUSHING 
I.D. = 0.156 in. (4.00 mm) 
SHOULDER DlA. = 

0.250 in. (1.27 mm) MAX. 

SUPPLIED WITH DEVICE 


NOT AVAILABLE FROM R 


92CS-22563 


TO-219AA 



2 SCREWS, 4-40 

NOT AVAILABLE FROM RCA 

2 METAL WASHERS 

NOT AVAILABLE FROM RCA 


DF114B 

MICA INSULATOR 
SUPPLIED WITH DEVICE 

HEATSINK 

THICKNESS = 0.130 in. (3.30 mm) MAX. 


2 INSULATING BUSHINGS 
I.D. = 0.130 in. (3.30 mm) 

SHOULDER DIA. = 0.218 in. (5.54 mm) 
SHOULDER THICKNESS = 


2 METAL WASHERS 

© 

2 LOCK WASHERS 

© 

2 HEX. NUTS 


1 SOLDER LUG 


2 HEX. NUTS 



0.050 in. (1.27 mm) MAX. 
SUPPLIED WITH DEVICE 


> NOT AVAILABLE FROM RCA 


92CS-24799R1 


TO-220AA 





METAL WASHER 

LOCK WASHER 

© 

HEX NUT 


SOLDER LUG 



SCREW, 6-32 

NOT AVAILABLE FROM RCA 

NR231A 

RECTANGULAR METAL 
WASHER 

AVAILABLE AT PUBLISHED 
HARDWARE PRICES 

DF103B 

MICA INSULATOR 

HOLE DIA. = 0.145 -0.141 in. 

(3.68 - 3.58 mm) 

SUPPLIED WITH DEVICE 


495334-7 

INSULATING BUSHING 
I.D. = 0.156 in. (4.00 mm) 
SHOULDER DIA. = 

0.250 in. (6.40 mm) MAX. 
SHOULDER THICKNESS = 
0.050 in. (1.27 rrim) MAX. 

SUPPLIED WITH DEVICE 
■ NOT AVAILABLE FROM RCA 
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Application Notes 
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Solid State 
Division 


Solid State Devices 

Operating Considerations 
ICE-402 


Operating Considerations for 
RCA Solid State Devices 


Solid state devices are being designed into an increasing 
variety of electronic equipment because of their high 
standards of reliability and performance. However, it is 
essential that equipment designers be mindful of good 
engineering practices in the use of these devices to achieve 
the desired performance. 

This Note summarizes important operating recommen- 
dations and precautions which should be followed in the 
interest of maintaining the high standards of performance of 
solid state devices. 

The ratings included in RCA Solid State Devices data 
bulletins are based on the Absolute Maximum Rating 
System, which is defined by the following Industry Standard 
(JEDEC) statement: 

Absolute-Maximum Ratings are limiting values of opera- 
ting and environmental conditions applicable to any electron 
device of a specified type as defined by its published data, 
and should not be exceeded under the worst probable 
conditions. 

The device manufacturer chooses these values to provide 
acceptable serviceability of the device, taking no responsi- 
bility for equipment variations, environmental variations, and 
the effects of changes in operating conditions due to 
variations in device characteristics. 

The equipment manufacturer should design so that 
initially and throughout life no absolute-maximum value for 
the intended service is exceeded with any device under the 
worst probable operating conditions with respect to supply- 
voltage variation, equipment component variation, equip- 
ment control adjustment, load variation, signal variation, 
environmental conditions, and variations in device charac- 
teristics. 

It is recommended that equipment manufacturers consult 
RCA whenever device applications involve unusual electrical, 
mechanical or environmental operating conditions. 

GENERAL CONSIDERATIONS 

The design flexibility provided by these devices makes 
possible their use in a broad range of applications and under 


many different operating conditions. When incorporating 
these devices in equipment, therefore, designers should 
anticipate the rare possibility of device failure and make 
certain that no safety hazard would result from such an 
occurrence. 

The small size of most solid state products provides 
obvious advantages to the designers of electronic equipment. 
However, it should be recognized that these compact devices 
usually provide only relatively small insulation area between 
adjacent leads and the metal envelope. When these devices 
are used in moist or contaminated atmospheres, therefore, 
supplemental protection must be provided to prevent the 
development of electrical conductive paths across the 
relatively small insulating surfaces. For specific information 
on voltage creepage, the user should consult references such 
as the JEDEC Standard No. 7 “Suggested Standard on 
Thyristors,” and JEDEC Standard RS282 “Standards for 
Silicon Rectifier Diodes and Stacks”. 

The metal shells of some solid state devices operate at the 
collector voltage and for some rectifiers and thyristors at the 
anode voltage. Therefore, consideration should be given to 
the possibility of shock hazard if the shells are to operate at 
voltages appreciably above or below ground potential. In 
general, in any application in which devices are operated at 
voltages which may be dangerous to personnel, suitable 
precautionary measures should be taken to prevent direct 
contact with these devices. 

Devices should not be connected into or disconnected 
from circuits with the power on because high transient 
voltages may cause permanent damage to the devices. 

TESTING PRECAUTIONS 

In common with many electronic components, solid-state 
devices should be operated and tested in circuits which have 
reasonable values of current limiting resistance, or other 
forms of effective current overload protection. Failure to 
observe these precautions can cause excessive internal heating 
of the device resulting in destruction and/or possible 
shattering of the enclosure. 
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TRANSISTORS AND THYRISTORS 
WITH FLEXIBLE LEADS 

Flexible leads are usually soldered to the circuit elements. 
It is desirable in all soldering operatings to provide some 
slack or an expansion elbow in each lead to prevent 
excessive tension on the leads. It is important during the 
soldering operation to avoid excessive heat in order to 
prevent possible damage to the devices. Some of the heat can 
be absorbed if the flexible lead of the device is grasped 
between the case and the soldering point with a pair of pliers. 

TRANSISTORS AND THYRISTORS 
WITH MOUNTING FLANGES 

The mounting flanges of JEDEC-type packages such as 
the TO-3 or TO-66 often serve as the collector or anode 
terminal. In such cases, it is essential that the mounting 
flange be securely fastened to the heat sink, which may be 
the equipment chassis. Under no circumstances, however, 
should the mounting flange of a transistor be soldered 
directly to the heat sink or chassis because the heat of the 
soldering operation could permanently damage the device. 
Soldering is the preferred method for mounting thyristors; 
see “Rectifiers and Thyristors,” below. Devices which cannot 
be soldered can be installed in commercially available 
sockets. Electrical connections may also be made by 
soldering directly to the terminal pins. Such connections may 
be soldered to the pins close to the pin seals provided care is 
taken to conduct excessive heat away from the seals; 
otherwise the heat of the soldering operation could crack the 
pin seals and damage the device. 

During operation, the mounting-flange temperature is 
higher than the ambient temperature by an amount which 
depends on the heat sink used. The heat sink must have 
sufficient thermal capacity to assure that the heat dissipated 
in the heat sink itself does not raise the device mounting- 
flange temperature above the rated value. The heat sink or 
chassis may be connected to either the positive or negative 
supply. 

In many applications the chassis is connected to the 
voltage-supply terminal. If the recommended mounting 
hardware shown in the data bulletin for the specific 
solid-state device is not available, it is necessary to use either 
an anodized aluminum insulator having high thermal con- 
ductivity or a mica insulator between the mounting-flange 
and the chassis. If an insulating aluminum washer is required, 
it should be drilled or punched to provide the two mounting 
holes for the terminal pins. The burrs should then be 
removed from the washer and the washer anodized. To insure 
that the anodized insulating layer is not destroyed during 
mounting, it is necessary to remove the burrs from the holes 
in the chassis. 

It is also important that an insulating bushing, such as 
glass-filled nylon, be used between each mounting bolt and 
the chassis to prevent a short circuit. However, the insulating 
bushing should not exhibit shrinkage or softening under the 
operating temperatures encountered. Otherwise the thermal 
resistance at the interface between device and heat sink 
may increase as a result of decreasing pressure. 


PLASTIC POWER TRANSISTORS AND THYRISTORS 

RCA power transistors and thyristors (SCR’s and triacs) 
in molded-silicone-plastic packages are available in a wide 
range of power-dissipation ratings and a variety of package 
configurations. The following paragraphs provide guidelines 
for handling and mounting of these plastic-package devices, 
recommend forming of leads to meet specific mounting 
requirements, and describe various mounting arrangements, 
thermal considerations, and cleaning methods. This informa- 
tion is intended to augment the data on electrical character- 
istics, safe operating area, and performance capabilities in the 
technical bulletin for each type of plastic-package transistor 
or thyristor. 

Lead-Forming Techniques 

The leads of the RCA VERSAWATT in-line plastic 
packages can be formed to a custom shape, provided they are 
not indiscriminately twisted or bent. Although these leads 
can be formed, they are not flexible in the general sense, nor 
are they sufficiently rigid for unrestrained wire wrapping 
Before an attempt is made to form the leads of an in-line 
package to meet the requirements of a specific application, 
the desired lead configuration should be determined, and a 
lead-bending fixture should be designed and constructed. The 
use of a properly designed fixture for this operation 
eliminates the need for repeated lead bending. When the use 
of a special bending fixture is not practical, a pair of 
long-nosed pliers may be used. The pliers should hold the 
lead firmly between the bending point and the case, but 
should not touch the case. 

When the leads of an in-line plastic package are to be 
formed, whether by use of long-nosed pliers or a special 
bending fixture, the following precautions must be observed 
to avoid internal damage to the device : 

1. Restrain the lead between the bending point and the 
plastic case to prevent relative movement between the 
lead and the case. 

2. When the bend is made in the plane of the lead 
(spreading), bend only the narrow part of the lead. 

3. When the bend is made in the plane perpendicular to that 
of the leads, make the bend at least 1/8 inch from the 
plastic case. 

4. Do not use a lead-bend radius of less than 1/16 inch. 

5. Avoid repeated bending of leads. 

The leads of the TO-220AB VERSAWATT in-line 
package are not designed to withstand excessive axial pull. 
Force in this direction greater than 4 pounds may result in 
permanent damage to the device. If the mounting arrange- 
ment tends to impose axial stress on the leads, some method 
of strain relief should be devised. 

Wire wrapping of the leads is permissible, provided that 
the lead is restrained between the plastic case and the point 
of the wrapping. Soldering to the leads is also allowed. The 
maximum soldering temperature, however, must not exceed 
275°C and must be applied for not more than 5 seconds at a 
distance not less than 1/8 inch from the plastic case. When 
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wires are used for connections, care should, be exercised to 
assure that movement of the wire does not cause movement 
of the lead at the lead-to-plastic junctions. 

The leads of RCA molded-plastic high-power packages 
are not designed to be reshaped. However, simple bending of 
the leads is permitted to change them from a standard 
vertical to a standard horizontal configuration, or conversely. 
Bending of the leads in this manner is restricted to three 
90-degree bends; repeated bendings should be avoided. 

Mounting 

Recommended mounting arrangements and suggested 
hardward for the VERSAWATT package are given in the data 
bulletins for specific devices and in RCA Application Note 
AN4142. When the package is fastened to a heat sink, a 
rectangular washer (RCA Part No. NR231 A) is recommended 
to minimize distortion of the mounting flange. Excessive 
distortion of the flange could cause damage to the package. 
The washer is particularly important when the size of the 
mounting hole exceeds 0.140 inch (6-32 clearance). Larger 
holes are needed to accommodate insulating bushings; 
however, the holes should not be larger than necessary to 
provide hardware clearance and, in any case, should not 
exceed a diameter of 0.250 inch. 

Flange distortion is also possible if excessive torque is 
used during mounting. A maximum torque of 8 inch-pounds 
is specified. Care should be exercised to assure that the tool 
used to drive the mounting screw never comes in contact 
with the plastic body during the driving operation. Such 
contact can result in damage to the plastic body and internal 
device connections. An excellent method of avoiding this 
problem is to use a spacer or combination spacer-isolating 
bushing which raises the screw head or nut above the top 
surface of the plastic body. The material used for such a 
spacer or spacer-isolating bushing should, of course, be 
carefully selected to avoid “cold flow” and consequent 
reduction in mounting force. Suggested materials for these 
bushings are diallphtalate, fiberglass-filled nylon, or 
fiberglass-filled polycarbonate. Unfilled nylon should be 
avoided. 

Modification of the flange can also result in flange 
distortion and should not be attempted. The package should 
not be soldered to the heat sink by use of lead-tin solder 
because the heat required with this type of solder will cause 
the junction temperature of the device to become excessively 
high. 

The TO-220AA plastic package can be mounted in 
commercially available TO-66 sockets, such as UID 
Electronics Corp. Socket No. PTS-4 or equivalent. For 
testing purposes, the TO-220AB in-line package can be 
mounted in a Jetron Socket No. DC74-104 or equivalent. 
Regardless of the mounting method, the following 
precautions should be taken: 

1. Use appropriate hardware. 

2. Always fasten the package to the heat sink before the 

leads are soldered to fixed terminals. 

3. Never allow the mounting tool to come in contact with 

the plastic case. 


4. Never exceed a torque of 8 inch-pounds. 

5. Avoid oversize mounting holes. 

6. Provide strain relief if there is any probability that axial 
stress will be applied to the leads. 

7. Use insulating bushings to prevent hot-creep problems. 
Such bushings should be made of diallphthalate, fiber- 
glass-filled nylon, or fiberglass-filled polycarbonate. 

The maximum allowable power dissipation in a solid 
state device is limited by the junction temperature. An 
important factor in assuring that the junction temperature 
remains below the specified maximum value is the ability of 
the associated thermal circuit to conduct heat away from the 
device. 

When a solid state device is operated in free air, without a 
heat sink, the steady-state thermal circuit is defined by the 
junction-to-free-air thermal resistance given in the published 
data for the device. Thermal considerations require that a 
free, flow of air around the device is always present and that 
the power dissipation be maintained below the level which 
would cause the junction temperature to rise above the 
maximum rating. However, when the device is mounted on a 
heat sink, care must be taken to assure that all portions of 
the thermal circuit are considered. 

To assure efficient heat transfer from case to heat sink 
when mounting RCA molded-plastic solid state power 
devices, the following special precautions should be 
observed: 

1. Mounting torque should be between 4 and 8 inch- 
pounds. 

2. The mounting holes should be kept as small as possible. 

3. Holes should be drilled or punched clean with no burrs or 
ridges, and chamfered to a maximum radius of 0.010 
inch. 

4. The mounting surface should be flat within 0.002 
inch/inch. 

5. Thermal grease (Dow Corning 340 or equivalent) should 
always be used on both sides of the insulating washer if 
one is employed. 

6. Thin insulating washers should be used. (Thickness of 
factory-supplied mica washers range from 2 to 4 mils). 

7. A lock washer or torque washer, made of material having 
sufficient creep strength, should be used to prevent 
degradation of heat sink efficiency during life. 

A wide variety of solvents is available for degreasing and 
flux removal. The usual practice is to submerge components 
in a solvent bath for a specified time. However, from a 
reliability stand point it is extremely important that the 
solvent, together with other chemicals in the solder-cleaning 
system (such as flux and solder covers), do not adversely 
affect the life of the component. This consideration applies 
to all non-hermetic and molded-plastic components. 

It is, of course, impractical to evaluate the effect on 
long-term device life of all cleaning solvents, which are 
marketed with numerous additives under a variety of brand 
names. These solvents can, however, be classified with 
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respect to their component parts as either acceptable or 
unacceptable. Chlorinated solvents tend to dissolve the outer 
package and, therefore, make operation in a humid atmos- 
phere unreliable. Gasoline and other hydrocarbons cause the 
inner encapsulant to swell and damage the transistor. Alcohol 
is an acceptable solvent. Examples of specific, acceptable 
alchols are isopropanol, methanol, and special denatured 
alcohols, such as SDA1 , SDA30, SDA34, and SDA44. 

Care must also be used in the selection of fluxes for lead 
soldering. Rosin or activated rosin fluxes are recommended, 
while organic or acid fluxes are not. Examples of acceptable 
fluxes are: 

1 . Alpha Reliaros No. 320-33 

2. Alpha Reliaros No. 346 

3. Alpha Reliaros No. 711 

4. Alpha Reliafoam No. 807 

5. Alpha Reliafoam No. 809 

6. Alpha Reliafoam No. 8 1 1-1 3 

7. Alpha Reliafoam No. 815-35 

8. Kester No. 44 

If the completed assembly is to be encapsulated, the 
effect on the molded-plastic transistor must be studied from 
both a chemical and a physical standpoint. 

RECTIFIERS AND THYRISTORS 

A surge-limiting impedance should always be used in 
series with silicon rectifiers and thyristors. The impedance 
value must be sufficient to limit the surge current to the 
value specified under the maximum ratings. This impedance 
may be provided by the power transformer winding, or by an 
external resistor or choke. 

A very efficient method for mounting thyristors utilizing 
the “modified TO-5” package is to provide intimate contact 
between the heat sink and at least one half of the base of the 
device opposite the leads. This package can be mounted to 
the heat sink mechanically with glue or an expoxy adhesive, 
or by soldering, the most efficient method. 

The use of a “self-jigging” arrangement and a solder 
preform is recommended. If each unit is soldered individ- 
ually, the heat source should be held on the heat sink and the 
solder on the unit. Heat should be applied only long enough 
to permit solder to flow freely. For more detailed thyristor 
mounting considerations, refer to Application Note AN3822, 
“Thermal Considerations in Mounting of RCA Thyristors”. 

MOS FIELD-EFFECT TRANSISTORS 

Insulated-Gate Metal Oxide-Semiconductor Field-Effect 
Transistors (MOS FETs), like bipolar high-frequency 
transistors, are susceptible to gate insulation damage by the 
electrostatic discharge of energy through the devices. 
Electrostatic discharges can occur in an MOS FET if a type 
with an unprotected gate is picked up and the static charge, 
built in the handler’s body capacitance, is discharged through 
the device. With proper handling and applications 
procedures, however, MOS transistors are currently being 
extensively used in production by numerous equipment 
manufacturers in military, industrial, and consumer applica- 


tions, with virtually no problems of damage due to 
electrostatic discharge. 

In some MOS FETs, diodes are electrically connected 
between each insulated gate and the transistor’s source. 
These diodes offer protection against static discharge and 
in-circuit transients without the need for external shorting 
mechanisms. MOS FETs which do not include gate- 
protection diodes can be handled safely if the following basic 
precautions are taken: 

1. Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs attached to the device by the vendor, or by the 
insertion into conductive material such as “ECCOSORB* 
LD26” or equivalent. 

(NOTE: Polystyrene insulating “SNOW” is not suffi- 
ciently conductive and should not be used.) 

2. When devices are removed by hand from their carriers, 
the hand being used should be grounded by any suitable 
means, for example, with a metallic wristband. 

3. Tips of soldering irons should be grounded. 

4. Devices should never be inserted into or removed from 
circuits with power on. 

RF POWER TRANSISTORS 
Mounting and Handling 

Stripline rf devices should be mounted so that the leads 
are not bent or pulled away from the stud (heat sink) side of 
the device. When leads are formed, they should be supported 
to avoid transmitting the bending or cutting stress to the 
ceramic portion of the device. Excessive stresses may destroy 
the hermeticity of the package without displaying visible 
damage. 

Devices employing silver leads are susceptible to 
tarnishing; these parts should not be removed from the 
original tarnish-preventive containers and wrappings until 
ready for use. Lead solderability is retarded by the presence 
of silver tarnish; the tarnish can be removed with a silver 
cleaning solution, such as thiourea. 

The ceramic bodies of many rf devices contain beryllium 
oxide as a major ingredient. These portions of the transistors 
should not be crushed, ground, or abraded in any way 
because the dust created could be hazardous if inhaled. 

Operating 

Forward-Biased Operation. For Class A or AB operation, 
the allowable quiescent bias point is determined by reference 
to the infrared safe-area curve in the appropriate data 
bulletin. This curve depicts the safe current/voltage combina- 
tions for extended continuous operation. 

Load VSWR. Excessive collector load or tuning mismatch 
can cause device destruction by over-dissipation or secondary 
breakdown. Mismatch capability is generally included on the 
data bulletins for the more recent rf transistors. 

See RCA RF Power Transitor Manual, Technical Series 
RMF-430, pp 39-41, for additional information concerning 
the handling and mounting of rf power transistors. 


*Trade Mark: Emerson and Cumming, Inc. 
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INTEGRATED CIRCUITS 

Handing 

All COS/MOS gate inputs have a resistor/diode gate 
protection network. All transmission gate inputs and all 
outputs have diode protection provided by inherent p-n 
junction diodes. These diode networks at input and output 
interfaces protect COS/MOS devices from gate-oxide failure 
in handling environments where static discharge is not 
excessive. In low-temperature, low-humidity environments, 
improper handling may result in device damage. See 
ICAN-6000, “Handling and Operating Considerations for 
MOS Integrated Circuits”, for proper handling procedures. 

Mounting 

Integrated circuits are normally supplied with lead-tin 
plated leads to facilitate soldering into circuit boards. In 
those relatively few applications requiring welding of the 
device leads, rather than soldering, the devices may be 
obtained with gold or nickel plated Kovar leads.* It should be 
recognized that this type of plating will not provide complete 
protection against lead corrosion in the presence of high 
humidity and mechanical stress. The aluminum-foil-lined 
cardboard “sandwich pack” employed for static protection 
of the flat-pack also provides some additional protection 
against lead corrosion, and it is recommended that the 
devices be stored in this package until used. 

When integrated circuits are welded onto printed circuit 
boards or equipment, the presence of moisture between the 
closely spaced terminals can result in conductive paths that 
may impair device performance in high-impedance appli- 
cations. It is therefore recommended that conformal coatings 
or potting be provided as an added measure of protection 
against moisture penetration. 

In any method of mounting integrated circuits which 
involves bending or forming of the device leads, it is 
extremely important that the lead be supported and clamped 
between the bend and the package seal, and that bending be 
done with care to avoid damage to lead plating. In no case 
should the radius of the bend be less than the diameter of the 
lead, or in the case of rectangular leads, such as those used in 
RCA 14-lead and 16-lead flat-packages, less than the lead 
thickness. It is also extremely important that the ends of the 
bent leads be straight to assure proper insertion through the 
holes in the printed-circuit board. 

Operating 

Unused Inputs 

All unused input leads must be connected to either V§s 
or VDD> whichever is appropriate for the logic circuit 
involved. A floating input on a high-current type, such as the 
CD4049 or CD4050, not only can result in faulty logic 
operation, but can cause the maximum power dissipation of 
200 milliwatts to be exceeded and may result in damage to 
the device. Inputs to these types, which are mounted on 
printed-circuit boards that may temporarily become 
unterminated, should have a pull-up resistor to Vgg or Vdd. 
A useful range of values for such resistors is from 10 kilohms 
to 1 megohm. 


Input Signals 

Signals shall not be applied to the inputs while the device 
power supply is off unless the input current is limited to a 
steady state value of less than 10 milliamperes. Input 
currents of less than 10 milliamperes prevent device damage; 
however, proper operation may be impaired as a result of 
current flow through structural diode junctions. 

Output Short Circuits 

Shorting of outputs to Vgg or Vdd can damage many of 
the higher-output-current COS/MOS types, such as the 
CD4007, CD4041 , CD4049, and CD4050. In general, these 
types can all be safely shorted for supplies up to 5 volts, but 
will be damaged (depending on type) at higher power-supply 
voltages. For cases in which a short-circuit load, such as the 
base of a p-n-p or an n-p-n bipolar transistor, is directly 
driven, the device output characteristics given in the 
published data should be consulted to determine the 
requirements for a safe operation below 200 milliwatts. 

For detailed COS/MOS IC operating and handling 
considerations, refer to Application Note ICAN-6000 
“Handling and Operating Considerations for MOS Integrated 
Circuits”. 

SOLID STATE CHIPS 

Solid state chips, unlike packaged devices, are non- 
hermetic devices, normally fragile and small in physical size, 
and therefore, require special handling considerations as 
follows: 

1 . Chips must be stored under proper conditions to insure 
that they are not subjected to a moist and/or contam- 
inated atmosphere that could alter their electrical, 
physical, or mechanical characteristics. After the shipping 
container is opened, the chip must be stored under the 
following conditions: 

A. Storage temperature, 40°C max. 

B. Relative humidity, 50% max. 

C. Clean, dust-free environment. 

2. The user must exercise proper care when handling chips 
to prevent even the slightest physical damage to the chip. 

3. During mounting and lead bonding of chips the user must 
use proper assembly techniques to obtain proper elec- 
trical, thermal, and mechanical performance. 

4. After the chip has been mounted and bonded, any 
necessary procedure must be followed by the user to 
insure that these non-hermetic chips are not subjected to 
moist or contaminated atmosphere which might cause 
the development of electrical conductive paths across the 
relatively small insulating surfaces. In addition, proper 
consideration must be given to the protection of these 
devices from other harmful environments which could 
conceivably adversely affect their proper performance. 


*Mil-M-38510A, paragraph 3.5.6. 1 (a), lead material. 
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D. T. DeFino 


This note discusses several new applications for 
RCA high-voltage silicon transistors (2N3583, 2N3584, 
2N3585, 2N3439 and 2N3440). These devices are 
triple-diffused n-p-n types featuring high frequency 
response, fast switching speeds, and low cost. Elec- 
trical characteristics are listed in Table I. 

The advent of these types has made possible many 
new applications for transistors. Among these applica- 
tions are circuits in which, until now, the use of tran- 
sistors was restricted because of high operating voltages 
(horizontal-deflection circuits, for example). Other 
applications include those in which the use of a higher 
supply voltage can enhance circuit design, performance, 
and economy. High supply voltages reduce the cost 
of line-operated amplifiers, and improve the efficiency 
of inverters. Several other important applications are 
illustrated. 

Series Voltage Regulator 

A voltage regulator provides a constant output 
voltage when the input voltage and/or output current 
is varied over a limited range. As shown in Fig. 1, 

Maximum Ratings, Absolute-Maximum Values: 


the pass transistor, acting on a signal from the control 
circuit, prevents the output voltage V 0 ut from varying. 
The control circuit receives a sample of the output 
voltage, compares it with a reference voltage, and 


TRANSISTOR 



Fig. 7 - Basic form of a transistorized series 
voltage regulator. 


amplifies the difference. The resulting error signal 
corrects die collector current Iq of the pass transistor 
so that the collector-to-emitter voltage VcE is always 


COLLECTOR-TO-BASE VOLTAGE, VcBO - • 

2N3583 

250 

2N3584 

375 

2N3585 

500 

2N3439 

450 

2N3440 

300 

Volts 

COLLECTOR-TO-EMITTER 

VOLTAGE, V C EO (sus ^ 

175 

250 

300 

350 

250 

Volts 

EMITTER-TO-BASE VOLTAGE, V EB0 

6 

6 

6 

7 

7 

Volts 

CONTINUOUS COLLECTOR CURRENT, I C . 

2 

2 

2 

1 

1 

Amp 

PEAK COLLECTOR CURRENT 

5 

5 

5 

- 

- 

Amp 

BASE CURRENT, I B 

1 

1 

1 

0.5 

0.5 

Amp 

TRANSISTOR DISSIPATION, P T 

35 

35 

35 

5 

5 

Watts 


Table I - Electrical characteristics of RCA high-voltage silicon transistors. 
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the difference between the input voltage Vin and the 
desired output voltage. 

The simplest circuit arrangement for a transistor 
voltage regulator is shown in Fig.2. The circuit consists 
of a transistor, a resistor, and a zener diode. Because 
the zener diode maintains the base of the transistor at 
a constant voltage, changes in output can result only 
from variations in the base-to-emitter voltage VBE with 
current and temperature. A zener diode having a high 
current rating is required if large currents are drawn 
from the transistor. 



Fig.2 - Simplest circuit arrangement for a transistor 
voltage regulator. 

The maximum value of resistance R which can be 
used in the circuit is determined as follows: 


_ V in -AV-V 0 ut 

rv — * 1 

IB (max) 

Because the maximum base current iB(max) is equal to 
Io(max)/hFE(min), where Io is the output current and 
hpE is the dc forward-current transfer ratio, the resis- 
tance equation can be rewritten as follows: 


R = 


Vin-AV-Vout 

I 0 (max) 


x hpE (min) 


The zener diode must be capable of handling a 
peak current Iz given by 


i _ Vin + AV - Vout _[Vin + AV - V 0 ut] [lo<max>] 

Z “ R '[Vin ' AV - V out] [hFE(min)] 

In the series regulator, the pass transistor must 
remain always in the active region. For this reason, 
the pass transistor must be chosen carefully to avoid 
dc forward-bias second breakdown. As shown in Fig.3, 
under the worst-case condition I 0 (max), Vi n (min), the 
bias point of the transistor must be within the dc 
forward-bias second-breakdown rating P s /b> or the dc 
power-dissipation rating Pd c , whichever is the limiting 
factor. From the equations given above, it is obvious 
that near the operating point hFE should be as high as 
possible, In general, leakage current and saturation 
voltage are not important. 



Fig.3 - Transistor load line. 

Design Example 

The following conditions are specified for a series 
voltage regulator: 

Vout = 100 V 
I 0 (max) = 400 mA 
V in = 135 ± 15 V 
hFE(min) = 20 

Circuit values are then determined as follows: 


R 

iB(max) 

iz 

Therefore, the zener-diode requirements are Vz = 100 V, 
IZ = 50 mA, Pz = 5 W. Under worst-case conditions, 
the transistor must be capable of handling 400 milli- 
amperes at 50 volts, or a dissipation of 20 watts. In 
addition, the point 50 V and 400 mA must be within the 
dc second-breakdown rating of the transistor. Fig.4 
shows the circuit values for this regulator. 


(135-15-100) 20 400 


0.4 
: 20 


0.4 

= 20 mA 


0.4 


= 1 kD at 2.5 W 


135 + 15 - 100 50 


1000 


1000 


= 50 mA 


The power-dissipation rating of the resistor and 
zener diode can be reduced by addition of another tran- 
sistor (usually much smaller in dissipation) in a con- 
figuration such as that shown in Fig.5. This arrange- 
ment effectively increases the over-all minimum gain. 
The two transistors can be regarded as one in which 
the effective hFE (approximately the product of the 
gain of the two transistors) can be substituted for hFE 
in the previous equations. Because the 2N3440 has a 
minimum gain of 40 at 20 mA, the minimum effective 
gain is (40X20) = 800. From this value, the new resistor 
and zener diode requirements can be calculated as 
follows: 


(135-15-100) 800 

R = = 40 kfi at 0.062 W 

0.4 

135 + 15 - 100 50 

IZ = 7 ^ = = 1-25 mA 


40000 


40000 


P z = 125 mW 


The maximum power dissipated by the 2N3440 
transistor in this circuit is (20 mA)(50 V) = 1 W. 


736 



AN-3065 


TYPE 

2N3583 



Fig. 4 - Schematic diagram of a simple transistor 
voltage regulator. 

The disadvantage of the circuit of Fig. 5 as com- 
pared with that of Fig.4 is that voltage regulation is 
less sensitive because there are two junctions to 
create VgE variations with current and voltage changes. 

Fig. 6 shows a feedback arrangement designed to 
improve regulation. In this circuit, the output is 
sampled and compared with a very stable reference 
voltage. The resulting error signal is used to adjust 
the bias on the pass transistor. The requirements for 
Q3 are determined in the same manner as those for 
the zener diode in the preceding circuits. The zener- 
diode current Iz(max) is equal to the collector current 
IC(max) of Q 3 divided by the minimum gain of Q 3 at 
IC(max). 

In general, the full load voltage need not be fed 
back. Instead, a voltage divider can be used to reduce 
the voltage requirement on the zener diode. Although 
the voltage divider also degrades the performance, this 
method must be used if a variable output voltage is 
required. Fig.7 shows a typical high-voltage regulator 
that provides an output variable from 175 to 225 volts 
and delivers up to 150 mA. Performance curves for 
this circuit are shown in Fig. 8. 

Switching Regulator 

The advantage of a transistorized switching regu- 
lator, such as that shown in Fig.9, is its extremely 
high efficiency. It does not, however, provide the 


TYPE 

2N3583 




Fig. 5 - Schematic diagram of a series voltage 
regulator using darlington driver. 



Fig. 6 - Schematic diagram of a series voltage 
regulator employing feedback amplifier. 

excellent regulation obtainable from a series-type 
regulator. For this reason, a switching regulator is 
normally used as a coarse or pre-regulator preceding a 
series regulator. The switching regulator is highly 
efficient because the transistor switch is either satu- 
rated or cut off. Because both of these conditions 
are states of low dissipation, very little power is lost 
in the transistor. 
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TYPE 

2N3583 175-225 V 



Fig.7 - Schematic diagram of a typical series 
high-voltage regulator. 


The function of the feedback circuit is to sample 
the output voltage and compare it with a reference 
voltage. The difference between these two voltages 
is used to modulate the pulse width of a pulse gener- 
ator. This modulated pulse signal is then applied to 
the base of the switch. Thus, if the output voltage 
tends to decrease, the pulse width is increased so that 
the switch remains ON longer to allow the output to 
increase. Conversely, if the output tends to increase 
above the desired value, the duty cycle decreases. 

When the transistor switch is ON, current flows 
into the load and into the output capacitor through the 
inductor. Energy is stored in the inductor and capacitor 
so that when the switch is OFF, this energy is avail- 
able to supply the load. During the ON time, the cur- 
rent through the inductor, is a linear ramp. The rate 
of increase of current (AI/At) is determined by the 
value of the inductance L and the voltage across it 
(Vin-Vout) as follows: 




Fig.8 - Regulation characteristics for circuit 
shown in Fig.7. 


SWITCH 



Fig.9 - Simplest form of a transistor 
switching regulator. 


AI 

At 


1 

= — (V; 


in" v out 


) 


The peak current is therefore given by 
Vin-Vout ^ 


The transistor chosen for this application must 
provide sufficiently fast switching times, i.e., rise time 
t r and fall time tf. For good regulation over a wide 
range of input voltage and output current, the duty cycle 
must be variable from 10 to 90 per cent. Consequently, 
the minimum pulse width should be one-tenth of the 
period (l/10f). For low switching losses, the rise and 
fall times should be about one-fifth of the minimum 
pulse width, or one-fiftieth of the frequency of the 
pulse generator (l/50f). 

A switching regulator can also be used as a dc 
step-down transformer. In this application, the regulator 
provides a very efficient method of obtaining low dc 
voltage directly from a high-voltage ac line. Fig. 10 
shows a typical step-down switching regulator which 
utilizes the dc voltage obtained by rectification of a 
117-volt ac line source to provide a regulated 60-volt 
supply. Performance characteristics for the circuit 
are shown in Fig. 11. 


Inverters 

An inverter is used to transform dc power to ac 
power. If the ac output is rectified and filtered to pro- 
vide dc again, the over-all circuit is referred to as a 
converter. A converter is normally employed to change 
the magnitude of an available dc supply. 

A transistorized inverter can be made very light 
in weight and small in size. It is a highly efficient 
circuit and, unlike its mechanical counterpart, has no 
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L = 60-turns #18 wire, 

core: Carpenter 49 or equiv., 21 El 0.014-in. laminations 
not interleaved. Use 0.015-in. air gap. 

All resistors 1/2-watt unless specified otherwise. 


Fig. 10 - Schematic diagram of a typical step-down switching regulator. 




Fig. 11 - Performance curves for circuit 
shown in Fig. 10. 


moving components. The output from the inverter can 
be used to drive any equipment which requires an ac 
supply (motors, ac radios, television receivers, fluo- 
rescent lights, and the like). Another very important 
application of an inverter is in driving the electro-mech- 
anical transducers used in ultrasonic equipment (such 
as ultrasonic cleaners and sonar detection devices). 

The operating frequency of an inverter is usually 
fixed between 60 Hz and 100 kHz, depending upon the 
application. For applications in which the operating 
frequency can be chosen by the designer, the highest 
possible frequency should be selected. 

In general, the size and weight of the inverter can 
be decreased as the supply voltage and frequency are 
increased. This relation results mainly from the de- 
creasing size of the transformer needed. The upper 
frequency and supply voltage are limited by the tran- 
sistors used. The collector-to-emitter breakdown volt- 
age, for example, must be greater than twice the supply 
voltage, and the gain-bandwidth product fpof the device 
should be greater than ten times the operating frequency. 
The latter requirement is necessary because switching 
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losses become significant when the rise and fall times 
of the transistor are greater than about one-fifth of the 
pulse width. 

The important parameters to be considered in the 
selection of a transistor for an inverter circuit are 
summarized below: 

VCER(sus) > 2VCC + leakage reactance spikes 

High gain (to reduce feedback power and increase 
efficiency) 

fT > 10f (to reduce switching losses) 

IS/b > highest starting bias current at VCC 

Es/b > max. energy stored in the output-transformer 
leakage inductance. 

Fig. 12 shows the circuit diagram for a 100-watt 
inverter which operates directly from a rectified ac-line 
voltage. The frequency is varied from 25 kHz to 40 kHz 
by adjustment of the feedback resistor. At 100 watts 
output, the efficiency is about 90 to 95 per cent, de- 
pending upon the frequency. The supply voltage is 
nominally 140 volts, but can rise to 155 volts during 
high ac-line-voltage conditions. 

Magnetic Deflection Circuit 

The electron beam of a magnetically driven display 
tube is swept across the face of the tube by a linearly 
changing magnetic field. This deflecting field is pro- 
duced by a linear ramp of current through the deflection 
yoke which surrounds the neck of the tube. Fig. 13 
shows a transistorized magnetic deflection circuit and 
the corresponding current and voltage waveforms. 




T 1 = Allen Bradley RO-3 (El 102 H 142 A) or equiv. 
primary: 160-turn #32 wire; 
secondary: each 3-turns #32 wire. 

T2 = Indiana General C2 material (CF216) or equiv. 
primary and secondary: 80-turns #28 wire. 

Fig. 12 - Schematic diagram of a line-operated 
100-watt inverter. 


The transistor acts as a switch to apply a constant 
voltage to the inductor. Then, according to the follow- 
ing equation, the current increases linearly to I p during 
one-half the sweep time ts: 


AI 

At 


V 

L 


AI 


vcc 

L 


At, Ip - 


VCC t s 
L 2 



RETRACE TIME t r 






Fig. 13 - Basic configuration for a transistor magnetic deflection circuit 
showing corresponding current and voltage waveforms. 
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When the transistor is turned off, LC forms a tuned 
circuit in which the yoke current decreases very rapidly 
(retrace time t r ) through zero to -Ip. At this point 
capacitor C has a negative voltage across it, the diode 
is forward-biased, and the yoke current begins to in- 
crease toward zero. At this point the cycle begins 
again. 

During the retrace time, when the yoke current is 
decreasing from I p to -Ip, the voltage across the tran- 
sistor becomes quite high. The collector-to-emitter 
voltage is given by 

VcE(max) = VcC + I p ojL 
The term co can be expressed as follows: 

1 77 

“ = VlT%7 

Therefore, the equation for VcE(max) may be rewritten 
as follows: 

I P- 

The energy E supplied to the yoke is given by 
E = Vi L I p 2 

In the design of a deflection circuit, this required 
energy is fixed by the picture tube being used. The 
sweep time and retrace time are both fixed by the appli- 
cation. There are, therefore, only three parameters 
which can be varied by the designer: I p , VCCh and L. 
From the energy equation, it is evident that the value 
chosen for L determines I p , and vice versa. However, 
the value of Ip is given by 

T _VcCts 
P L 2 

Therefore, for a given value of I p it is apparent that 
Vcc also becomes fixed. At this point, the peak volt- 
age swing across the transistor can be calculated from 
the following equation: 

VcE(max) = VCC +Ip — L 

tr 

When these values have been determined, the designer 
must choose a transistor to meet the requirements 
imposed by the circuit. 

The breakdown voltage (BVCEO, BVqeR’ BVCES> 
BVceXi depending upon the drive-circuit impedance 
between the base to emitter of the output transistor), 
should be greater than 1.3 VEE(max), as determined 
above. This safety factor allows for stray inductance 
and transients. 


VCE(max) = VQC +' 


# 


used. In addition, the transistor not only must be able 
to handle the peak collector current, but should also 
have usable current gain at this level (I c = Ip). At the 
same time, the VCE(sat) of the transistor at Ip should 
be as low as possible to minimize the power dissipa- 
tion. In practice, both of these requirements are guaran- 
teed by a specification such as: 

VcE(sat) (at Ic = Ip, IB = ~ ) = 1.5 V max. 

15 

Another important parameter of the output transistor 
is switching speed. For good linearity, the turn-on time 
of the transistor should be less than one-tenth of the 
total on-time of the device (approximately half the 
sweep time). The turn-off time, meanwhile, should be 
at least one-quarter of the retrace time to reduce the 
high-energy dissipation, which could cause reverse- 
biased second-breakdown problems. 


Design Example 

The object of this example is to illustrate the 
design of a magnetic deflection circuit for a specific 
yoke. The yoke, Celco HD 428-S560 or equivalent, is 
used to drive a cathode-ray tube for an alpha-numeric 
display with a 36-degree full-deflection angle and a 
12-kilovolt acceleration potential. The yoke induct- 
ance is 250 microhenries and the energy required is 
225 microjoules. The sweep time is 50 microseconds 
and the retrace time 10 microseconds. 


From this information, the peak collector current I p 
of the deflection-circuit transistor is calculated as 
follows: 


_ 2 (225) IQ" 6 
Ip 1 250*10-6 


1.35 A 


The supply voltage VcC required is given by 


VCC = - 


2L In 2 (250- 10-6) (1.35) 


t s 50*10-6 

The tuning-capacitor value C is given by 
100 * 10-12 


13.5 V 


■m. 


.040 fiF 


(*77)2 250*10-6 

Finally, the maximum collector voltage VCE is given by 


V C E = 13.5 +(1.35) (10) ” 0-6 250- 10- 6 = 118 V 

The breakdown voltage, therefore, must be greater 
than (118) (1.3) = 155 V. 


A sustaining voltage rating is not required because 
the collector current drops to zero before the voltage 
swings out (as shown by the waveform in Fig. 13) if 
the transistor turn-off time is less than half the retrace 
time. However, if the turn-off is greater than one-half 
the retrace time, a sustaining voltage rating should be 


The 2N3584 meets all of the requirements for this 
application. The transistor switching times are short, 
its gain is 25 minimum at 1 ampere, and its voltage- 
ratings are well above the required minimum. The cir- 
cuit diagram and waveforms are shown in Figs. 14 and 
15, respectively. 
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Fig. 14 - Schematic diagram of a typical transistor 
magnetic deflection circuit. 


Line-Operated Audio Amplifier 

Fig. 16 illustrates how high-voltage silicon tran- 
sistors can be used to produce a compact, low-cost, 
high-quality audio-power amplifier. This particular 
circuit shows a class A, 5-watt, line-operated unit. 
The line voltage is rectified and filtered directly to 
provide the required dc supply voltage. This method 
reduces considerably the size, weight, and cost of the 
circuit by eliminating the need for a power-supply trans- 
former. Negative feedback from the output transformer 
produces a linear output and good frequency response. 
Operation is relatively unaffected by normal line varia- 
tions between 105 and 135 volts, and by temperatures 



v ce - 15 V/DIV. 



Fig. 75 - Current and voltage waveforms 


up to 257° F. Amplifier performance curves are shown 
in Figs. 17, 18, and 19. A summary of the amplifier 
characteristics is listed below:* 

Frequency Response: -3dB from 35Hz to 35 kHz 

Total Harmonic Distortion: 

0.6% at 400 Hz and 4 W output 
1.5% at 400 Hz and 5 W output 

Hum and Noise: 65 dB below 4 W 

Input Impedance: 300 ohms 

Input Voltage: 0.6 V for power output of 4 W 

The 2N3584 transistor used in the output stage 
satisfies three very important requirements for the 
successful operation of this amplifier: (1) a high 
value of voltage breakdown VCER; (2) good gain line- 
arity; (3) a high gain-bandwidth product. 

Because the dc supply voltage conceivably can 
reach 140 volts, the sustaining-voltage rating VCER for 
the output transistor, at RbE = 500 ohms, must be 
greater than 280 volts. Circuits designed to permit 
the use of a transistor having a lower VCER generally 
compromise performance and should be avoided. For 
example, one method of reducing this rating involves 
decreasing the supply voltage by increasing the size 
of the current-limiting resistors in the power supply. 
This procedure, however, not only requires the use of 
expensive power resistors, but also creates high dissi- 
pation losses and reduces the power output of the 
amplifier. 



t- 10 p S /DIV. 


produced by circuit shown in Fig. 14. 


* Additional information concerning this amplifier circuit is given in RCA publication ATC-402. 
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Fig. 16 - Schematic diagram of a line-operated, class A, 5-watt audio amplifier. 




POWER OUTPUT (Pqut)-WATTS 


Fig. 17 - Response curve for circuit shown in Fig. 16. 
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FREQUENCY —kHx 

Fig. 18 - Total harmonic distortion as a function 
of frequency for circuit shown in Fig. 16. 


Fig.19 - Harmonic distortion as a function of power 
output for circuit shown in Fig. 16. 

Changing the design of the circuit may change the 
conditions on the required breakdown voltage. For 
example, if the circuit is altered so that the impedance 
presented to the base-emitter junction is increased to 
1000 ohms and the maximum supply voltage is limited 
to 130 volts, the designer must choose a transistor 
that has a VCER^sus) rating (RBE = 1000 ohms) of 
greater than 260 volts. 

The excellent gain linearity of the 2N3584 (±10%) 
from 10 to 300 milliamperes keeps distortion at a very 
low level. Moreover, the high gain-bandwidth product 
(1 MHz) provides wide frequency response, and also 
permits the use of a large negative feedback without 
affecting circuit stability. 

One final consideration is the safe operating area. 
Under high line voltages and worst-case temperature 
conditions, the dc bias point for the output transistor 
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must be within the maximum power rating and second- 
breakdown rating of the device. Fig. 20 illustrates this 
safe-operating region for the 2N3584. 



Fig.20 - Safe operating area for the 2N3584 transistor . 


Operational Amplifier 

Operational amplifiers are used to perform mathe- 
matical operations on voltage waveforms. Among other 
things, an operational amplifier can be used to multiply, 
add, and integrate electrical signals. It is generally 
used in one of these capacities in an analog computer. 
Wave-shaping circuits are another important applica- 
tion; for example, a pulse can be integrated to form a 
linear voltage ramp. 

To function properly, an operational amplifier must 
have very high open-loop gain. It must also be capable 
of amplification over a wide passband extending from 
dc to perhaps 50 kHz. Its phase-shift characteristics 
must be such that a large negative feedback can be 
applied without causing oscillations. DC drift must be 
very low. In addition, the amplifier should have very 
high input impedance and low output impedance, or 
vice versa. Generally, the high-input-impedance type 
is used. 

To meet all of these requirements, an operational 
amplifier normally utilizes a chopper amplifier and 
other stabilizing circuits. This portion of the amplifier 
can be designed to operate at low supply voltages. The 
final stage, however, requires a high supply voltage 
because it must provide a large voltage swing to drive 
the high input impedance of the next operational ampli- 
fier. A typical final stage that meets this requirement 


and also provides the necessary low output impedance 
is shown in Figure 21. Fig. 22 shows the performance 
curves for this circuit. 



All resistors are 1/2-watt. 

Fig. 21 - Schematic diagram of a typical final stage 
of an operational amplifier. 



Fig.22 - Performance curves for circuit 
shown in Fig. 21. 

In general the transistor requirements for an opera- 
tional amplifier output are the same as for a class A 
audio amplifier. These requirements were discussed 
in detail in the section “Line-Operated Audio Ampli- 
fier,” and are summarized below: 

VCER<sus) > 2 VCC 

hpE*- must be linear overthe operating-currentrange. 

PS/b/PD- the dc bias point must be within the 
safe operating region. 

Tp: the gain-bandwidth product should be as high 
as possible; a rule-of-thumb minimum is 10 MHz. 
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A 100-Watt, 18-kHz Inverter Using 
RCA-2N5202 Silicon Power Transistors 


by 

D.T. DeFino 


This Note describes a twotransistor, two-trans- 
former inverter that demonstrates the excellent switching 
capabilities of the new RCA-2N5202 power transistor. 
This silicon epitaxial n-p-n device is supplied in the 
popular TO-66 package. Its fast switching speed makes 
it especially suitable for use in switching regulators, 
switching control amplifiers, converters, and inverters. 
Pertinent characteristics of the 2N5202 are shown 
in Table I. 

Fig.l shows a schematic diagram of the two-tran- 
sistor, two-transformer circuit. A saturable base-drive 
transformer T2 controls the inverter switching operation. 
A linearly operating output transformer Tj transfers the 
output power to the load. The output transformer Tl is 
not allowed to saturate; therefore, the peak collector 
current through the transistor is determined principally 
by the value of the load impedance. 

Because no two transistors are perfectly matched, 
one of the transistors in the inverter circuit conducts 
more rapidly than the other when the power is turned 
on. This transistor, Q 2 for example, tends toward sat- 
uration and causes positive voltages to appear at the 
dotted ends of the transformers. Thus, there is an 
effective positive feedback that causes Qf to switch 
off and Q 2 to switch on. The voltage from the collector 
of Qi to the collector of Q2 is then positive and equal 
to twice the collector supply voltage VCC- The voltage 
VRfb across the feedback resistor Rfb is essentially 
the product of the resistance Rfb and the base current 
referred to the primary of T2- The voltage across T 2 is 
equal to 2 VCC - VRfb. 


v *»b 



Fig.l - Schematic diagram of twa-transistor/ two-trans- 
former inverter. 


At the beginning of the next half-cycle, the voltage 
across Rfb increases very slowly with the slowly in- 
creasing magnetizing current through T 2 . When T2 
reaches its saturation flux density, the magnetizing 
current increases very rapidly and causes a rapid in- 
crease in VRfb- As a result, the voltage across T 2 
decreases rapidly and Q 2 comes out of saturation. The 
collector voltage of Q 2 then rises, and regenerative 
action causes Qi and Q 2 to reverse states. As these 
processes are repeated during succeeding half-cycles, 
oscillations are sustained. 

Characteristics of the drive transformer and the 
output transformer used in the circuit of Fig.l are de- 


10-67 


745 




AN-3565 


TABLE I - TYPICAL CHARACTERISTICS OF RCA-2N5202 SILICON POWER TRANSISTOR 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 



UNITS 

Collector-Cutoff Current 

'CEV 

V CE = 100 V, V BE = -1.5 V 

V CE = 100 V, V BE = -1.5 V, T C = 150°C 

■ 


BB 

Emitter-Cutoff Current 

'EBO 

V EB = 6 V, l C = 0 

- 


■ 

DC Forward-Current Transfer Ratio 

h FE 

V CE = 1.2 V, l c = 4 A 



mm 

Collector-to-Emitter Sustaining Voltage 

v CER(sus) 

R BE = 50 H, I C = 0.2 A 

mi 


mm 

Base-to-Emitter Voltage 

V BE 

V C E = 1.2 V, l C = 4 A 

. 


mm 

Collector-to-Emitter Saturation Voltage 

V CE (sat) 

l c = 4 A, l B = 0.4 A 

- 


mss 

Small-Signal Forward-Current 

Transfer Ratio 

h fe 

Vce = V, l c = 0.5 A, f = 10 MHz 

6 

- 


Output Capacitance 

c ob 

Vqb = 10 V, Ie = 0, f = 1 MHz 

- 

175 

PF 

Second- Breakdown Collector Current 

*S/b 

V CE = 40 V (base forward-biased) 

400 

- 

mA 

Second-Breakdown Energy 

E S /b 

V BB = -4 V, R be = 50 O, L = 50 nW 

0.4 

- 

mJ 

Saturating Switching Times: 






Delay Time 

*d 

V cc = 30 V, l c = 4 A, l Bl = 0.4 A 

- 

40 

ns 

Rise Time 

*r 

V CC = 30 V, Iq = 4 A, l Bl = 0.4 A 


400 

ns 

Storage Time 

l s 

Vcc = 30 V, l C = 4 A, l Bl = 0.4 A, l B2 = -0.4 A 


800 

ns 

Fall Time 

*f 

Vcc = 30 V, l c = 4 A, l Bl = 0.4 A, l B2 = -0.4 A 

* 

400 

ns 

Thermal Resistance, Junction to Case 

0 J-C 


- : 

5 

°C/W 


termined by means of the following equation: 


where Np is the number of turns in the primary winding, 
V is the peak voltage across the primary winding, f is 
the operating frequency in hertz, A is the cross-sectional 
area of the core in square centimeters, and B is the flux 
density in gauss. In the design of the drive transformer 
T2> the value of flux density B is selected to cause the 
core to saturate. For the output transformer Ti, the 
value of B is selected to assure that Ti will not satu- 
rate. The base resistor Rb is determined by the voltage 
at the secondary of T2 and the base drive required for 
the transistor. The resistor Rs is selected so that a 
voltage of 0.7 volt appears across Rb when the power is 
turned on initially.* 


* A complete discussion of inverter design considerations and 
design information is given in RCA Application Note SMA-37: 
“High-Speed Inverters Using Silicon Power Transistors” by 
H.T. Breece. 


Fig.2 shows the circuit diagram for a practical 
100-watt, 18-kHz inverter using RCA-2N5202 transis- 
tors. Performance characteristics for this inverter are 
shown in Fig.3, and waveforms of output voltage, col-, 
lector voltage, and collector current as functions of 
time are shown in Fig.4. 


1.5 K 
5W 



Fig.2 - Circuit diagram for 700-waff, 18-kHz inverter. 
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Fig. 3 - Performance characteristics of inverter 
shown in Fig-2. 



Fig.4 - Vfaveforms of output voltage, collector voltage, 
and collector current in inverter of Fig. 2. 
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Handling and Mounting of 
RCA Molded -Plastic 
Transistors and Thyristors 

by W.J. Hepp, J.S. Vara, and J. Gaylord 


RCA power transistors and thyristors (SCR’s and triacs) in 
molded-silicone-plastic packages are available in a wide range 
of power-dissipation ratings and a variety of package con- 
figurations. This Note provides detailed guidelines for 
handling and mounting of these plastic-package devices, and 
shows different types of packages and suggested mounting 
hardware to accommodate various mounting arrangements. 
Recommendations are made for handling of the packages 
during the forming of leads to meet specific mounting 
requirements. Various mounting arrangements, thermal con- 
siderations, and cleaning methods are described. This infor- 
mation is intended to augment the data on electrical 
characteristics, safe operating area, and performance 
capabilities in the technical bulletin for each type of 
plastic-package transistor or thyristor. (Data on mechanical 
and environmental capabilities of RCA plastic-package 
transistors are also available in a periodically updated 
Reliability Report, RCA Publication No. HBT-600.) 

TYPES OF PACKAGES 

Two basic types of molded-plastic packages are used for RCA 
solid-state power devices. These types include the RCA 
Versawatt packages for medium-power applications and the 
RCA high-power plastic packages, both of which are 
specifically designed for ease of use in many applications. 
Each basic type offers several different package options, and 
the user can select the configuration best suited to his 
particular application. 

Figs. 1 through 3 show the options currently available for 
devices in RCA Versawatt packages. The JEDEC Type 
TO-220AB in-line-lead version, shown in Fig. 1, represents 
the basic style. This configuration features leads that can be 
formed to meet a variety of specific mounting requirements. 
Fig. 2 shows a package configuration that allows a Versawatt 
package to be mounted on a printed-circuit board with a 
0.100-inch grid and a minimum lead spacing of 0.200 inch. 
Fig. 3 shows a JEDEC Type TO-220AA version of the 
Versawatt package. The dimensions of this type of transistor 
package are such that it can replace the JEDEC TO-66 
transistor package in a commercial socket or printed-circuit 
board without retooling. The pin-connection arrangement 


of thyristors supplied in TO-220AA packages, however, 
differs from that of thyristors supplied in conventional 
TO-66 packages so that some hardware changes are required 
to effect a replacement. The TO-220AA Versawatt package is 
also supplied with an integral heat sink. Fig. 4 shows the 
dimensional outline for this heat sink. The use of the integral 
heat sink reduces the junction-to-air thermal resistance of the 
package from 70°C per watt to 35°C per watt. 

The RCA molded-plastic high-power packages are also 
supplied in several configurations for flexibility of applica- 
tion. The JEDEC Type TO-219AB, shown in Fig. 5, is the 
basic high-power plastic package. Fig. 6 shows a JEDEC Type 
TO-219AA version of the high-power plastic package. 




1. Tab contour optional within Hi and E. 92CS-I799IRI 

2. Position of lead to be measured 0.250 — 0.255 in. (6.35 — 6.48 mm) 
from case. 


Fig. 1 - Dimensional outline of the JEDEC TO-220AB 
in-line-lead Versawatt transistor package. 
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ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SHOWN. TOLERANCES ARE: 
±0.02 FOR 2ND PLACE; ±0.005 FOR 3RD PLACE AND ±1/2* FOR ANGULAR 
DIMENSION. 

Fig. 4 - Integral heat sink used with the TO-220AA 
Versa watt package shown in Fig. 3. 


Fig. 2 - Dimensional outline of Versawatt transistor package 


designed for mounting on printed-circuit boards. 



1 

L D -j BOTTOM VIEW 



NOTES: 

1. Tab contour optional within H, and E. 

2. Position of lead to be measured 0.050 — 0.055 in. (1.27 — 1.40 mm) 



NOTE: Terminal end configurations are optional. 


Fig. 3 - JEDEC T0-220AA Versawatt transistor package 92SS - 3599R2 

designed for direct replacement of the JEDEC TO-66 Fig. 5 - JEDEC TO-219AB high-power molded-plastic tran- 

package. sistor package. 
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NOTES: 

1 . e<) is measured at seating plane. 

2. Terminal end configurations are optional. 

Fig. 6 - JEDEC TO-219AA plastic package designed for use 
as a direct replacement for the hermetically sealed JEDEC 
TO-3 transistor package. 

The RCA high-power plastic package is also available with an 
attached header-case lead, as shown in Fig. 7. This three-lead 
package is designed for mounting on a printed-circuit board. 

LEAD-FORMING TECHNIQUES 

RCA Versawatt plastic packages are both rugged and versatile 
within the confines of commonly accepted standards for 
such devices. Although these versatile packages lend them- 
selves to numerous arrangements, provision of a wide variety 
of lead configurations to conform to the specific require- 
ments of many different mounting arrangements is highly 
impractical. However, the leads of the Versawatt in-line 
package can be formed to a custom shape, provided that they 
are not indiscriminately twisted or bent. Although these 
leads can be formed, they are not flexible in the general 
sense, nor are they sufficiently rigid for unrestrained wire 
wrapping. 

Before an attempt is made to form the leads of an in-line 
package to meet the requirements of a specific application, 
the desired lead configuration should be determined, and a 
lead-bending fixture should be designed and constructed. The 



BASE 


ALL DIMENSIONS IN INCHES 

Fig. 7 - TO-219AA plastic transistor package designed for 
mounting on printed-circuit boards. 

use of a properly designed fixture for this operation 
eliminates the need for repeated lead bending. When the use 
of a special bending fixture is not practical, a pair of 
long-nosed pliers may be used. The pliers should hold the 
lead firmly between the bending point and the case, but 
should not touch the case. Fig. 8 illustrates the use of 
long-nosed pliers for lead bending. Fig. 8(a) shows techniques 
that should be avoided; Fig. 8(b) shows the correct method. 



LEAD IS NOT RESTRAINED BETWEEN 
BENDING POINT AND PLASTIC CASE. 

Fig. 8 - Use of long-nosed pliers for lead bending: (a) 
incorrect method; (b) correct method. 

When the leads of an in-line plastic package are to be formed, 
whether by use of long-nosed pliers or a special bending 
fixture, the following precautions must be observed to avoid 
internal damage to the device: 

1 . Restrain the lead between the bending point and 
the plastic case to prevent relative movement 
between the lead and the case. 

2. When the bend is made in the plane of the lead 
(spreading), bend only the narrow part of the lead. 

3. When the bend is made in the plane perpendicular 
to that of the leads, make the bend at least 1/8 
inch from the plastic case. 

4. Do not use a lead-bend radius of less than 1/16 
inch. 

5. Avoid repeated bending of leads. 
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The leads of the TO-220AB Versawatt in-line package are not 
designed to withstand, excessive axial pull. Force in this 
direction greater than 4 pounds may result in permanent 
damage to the device. If the mounting arrangement tends to 
impose axial stress on the leads, some method of strain relief 
should be devised. Fig. 2 illustrates an acceptable lead- 
forming method that provides this relief. 

Wire wrapping of the leads is permissible, provided that the 
lead is restrained between the plastic case and the point of 
the wrapping. Soldering to the leads is also allowed; the 
maximum soldering temperature, however, must not exceed 
275°C and must be applied for not more than 5 seconds at a 



NR231A 

RECTANGULAR METAL 
WASHER 


DF103B 

MICA INSULATOR 
HOLE DIA. = 0.145 0.141 ir 
(3.68 3.58 mm) 


495334-7 

INSULATING BUSHING 
1.0. = 0.156 in. (4.00 mm) 
SHOULDER DIA. = 

0.250 in. (1.27 mm) MAX. 


AVAILABLE FROM RC 


SOLDER LUG 
HEX NUT 


(a) 


distance greater than 1/8 inch from the plastic case. When 
wires are used for connections, care should be exercised to 
assure that movement of the wire does not cause movement 
of the lead at the lead-to-plastic junctions. 


The leads of the RCA molded-plastic high-power packages 
are not designed to be reshaped. Simple bending of the leads, 
however, is permitted to change them from a standard 
vertical to a standard horizontal configuration, or conversely. 
Bending of the leads in this manner is restricted to three 
90-degree bends; repeated bendings, therefore, should be 
avoided. 



METAL WASHER © 
LOCK WASHER 
HEX. NUT 
SOLDER LUG 
HEX. NUT 


DF137A 

INTEGRAL 

INSULATING WASHER 


DF103C 

MICA INSULATOR 
(HOLE FOR 4-40 SCREW) 


NOT SUPPLIED WITH DEVICE 


(b) 



(c) 


NOT AVAILABLE FROM RCA 



Fig. 9 - Mounting arrangements for Versawatt transistors: (a) 
and (b) methods of mounting in-line-lead types; (c) chassis 
mounting; (d) mounting on printed-circuit boards. 
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MOUNTING 

Fig. 9 shows recommended mounting arrangements and 
suggested hardware for the Versawatt transistors. The rec- 
tangular washer (NR231A) shown in Fig. 9(a) is designed to 
minimize distortion of the mounting flange when the 
transistor is fastened to a heat sink. Excessive distortion of 
the flange could cause damage to the transistor. The washer is 
particularly important when the size of the mounting hole 
exceeds 0.140 inch (6-32 clearance). Larger holes are needed 
to accommodate insulating bushings; however, the holes 
should not be larger than necessary to provide hardware 
clearance and, in any case, should not exceed a diameter of 

0.250 inch. Flange distortion is also possible if excessive 
torque is used during mounting. A maximum torque of 8 
inch-pounds is specified. Care should be exercised to assure 
that the tool used to drive the mounting screw never comes 
in contact with the plastic body during the driving operation. 
Such contact can result in damage to the plastic body and 
internal device connections. An excellent method of avoiding 
this problem is to use a spacer or combination spacer- 
isolating bushing which raises the screw head or nut above 
the top surface of the plastic body, as shown in Fig. 10. The 
material used for such a spacer or spacer-isolating bushing 
should, of course, be carefully selected to avoid “cold flow” 
and consequent reduction in mounting force. Suggested 
materials for these bushings are diallphthalate, fiberglass- 
filled nylon, or fiberglass-filled polycarbonate. Unfilled nylon 
should be avoided. 

Modification of the flange can also result in flange distortion 
and should not be attempted. The transistor should not be 
soldered to the heat sink by use of lead-tin solder because the 
heat required with this type of solder will cause the junction 
temperature of the transistor to become excessive. 

The TO-220AA plastic transistor can be mounted in 
commercially available TO-66 sockets, such as UID Elec- 
tronics Corp. Socket No. PTS-4 or equivalent. For testing 
purposes, the TO-220AB in-line package can be mounted in a 
Jetron Socket No. CD74-104 or equivalent. Regardless of the 
mounting method, the following precautions should be 
taken: 

1 . Use appropriate hardware. 

2. Always fasten the transistor to the heat sink before 
the leads are soldered to fixed terminals. 

3. Never allow the mounting tool to come in contact 
with the plastic case. 

4. Never exceed a torque of 8 inch-pounds. 

5. Avoid oversize mounting holes. 

6. Provide strain relief if there is any probability that 
axial stress will be applied to the leads. 

7. Use insulating bushings to prevent hot-creep 
problems. Such bushings should be made of 
diallphthalate, fiberglass-filled nylon, or fiberglass- 
filled polycarbonate. 


Fig. 11 shows the recommended hardware and mounting 
arrangements for RCA high-power molded-plastic transistors. 
These types can be mounted directly in a socket similar to 
that shown in Fig. 11(b). The precautions listed for the 
Versawatt packages should also be followed in the mounting 
of the high-power molded-plastic packages. 



Fig. 10 - Mounting arrangements in which an isolating 
bushing is used to raise the head of the mounting screw 
above the plastic body of the Versawatt transistor. 


THERMAL-RESISTANCE CONSIDERATIONS 

The maximum allowable power dissipation in a solid-state 
device is limited by its junction temperature. An important 
factor to assure that the junction temperature remains below 
the specified maximum value is the ability of the associated 
thermal circuit to conduct heat away from the device. 

When a solid-state device is operated in free air, without a 
heat sink, the steady-state thermal circuit is defined by the 
junction-to-free-air thermal resistance given in the published 
data on the device. Thermal considerations require that 
there be a free flow of air around the device and that the 
power dissipation be maintained below that which would 
cause the junction temperature to rise above the maximum 
rating. When the device is mounted on a heat sink, however, 
care must be taken to assure that all portions of the thermal 
circuit are considered. 
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2 METAL WASHERS @ 
2 LOCK WASHERS 


2 HEX. NUTS 
1 SOLDER LUG 



2 HEX. NUTS 



2 METAL WASHERS © 
2 LOCK WASHERS 
2 HEX. NUTS ( 


1 SOLDER LUG 

2 HEX. NUTS 


2 SCREWS, 4-40 


2 METAL WASHERS 


DF114B 

MICA INSULATOR 


495334-8 

2 INSULATING BUSHINGS 
I.D. 0.130 (3.30) 

SHOULDER DIA. 0.218 (5.54) 
THICKNESS = 0.050 (1.27) MAX. 


Fig. 1 1 - Mounting arrangements for high-power plastic-package 
transistors: (a) chassis mounting; (b) socket mounting; (c) printed- 
circuit-board mounting. 
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Fig. 12 shows the thermal circuit for a heat-sink-mounted 
transistor. This figure shows that the junction-to-ambient 
thermal circuit includes three series thermal-resistance com- 
ponents, i.e., junction-to-case, 6 j.q case-to-heat-sink,0 C-SJ 
and heat-sink-to-ambient,0S-A* The junction-to-case thermal 
resistance of the various transistor types is given in the 
individual technical bulletins on specific types. The heat- 
sink-to-ambient thermal resistance can be determined from 
the technical data provided by the heat-sink manufacturer, or 
from published heat-sink nomographs. The case-to-heat-sink 
thermal resistance depends on several factors, which include 
the condition of the heat-sink surface, the type of material 
and thickness of the insulator, the type of thermal com- 
pound, the mounting torque, and the diameter of the 
mounting hole in the heat-sink. 


Tj 


t c 


t s 


ta 


— * 1 JUNCTIOfTj 



Tj = junction temperature 

Tc = case temperature 

Tg = heat-sink temperature 

Ta= ambient temperature 

0j/C = junction-to-case thermal resistance 

©C/S = case-to-heat-sink thermal resistance 

0g/A = heat-sink-to-ambient thermal resistance 


Fig. 12 - Thermal equivalent circuit for a transistor mounted 
cm a heat sink. 


Fig. 13 shows a set of curves of typical case-to-heat-sink 
thermal resistance of the Versawatt transistor as a function 
of mounting torque for several mounting arrangements. 
Curves A through D show typical case-to-heat-sink thermal 
resistance for the mounting arrangements shown in Figs. 9(a) 
through 9(d). Curves E and F are representative of a 
Versawatt transistor mounted over a heat-sink mounting hole 
that has a diameter of 0.140 inch (No. 6 screw clearance). 
Curve E shows the wide variation in thermal resistance with 
torque when the transistor is mounted dry. Curve F shows 
the effect on contact thermal resistance of a thin layer of 
Dow Corning No. 340 silicone grease applied between 
transistor and heat sink. For torques within the recom- 
mended range of 4 to 8 inch-pounds, contact thermal 
resistance is reduced to between 18 and 25 per cent of the 
dry values. 

The curves shown in Fig. 14 represent typical case-to-heat- 
sink thermal resistance of the high-power molded-plastic 
transistor package as a function of mounting torque. The 
thermal resistances shown by curves A and C are representa- 
tive of the mounting arrangements shown in Fig. 11(a) 
through 11 (c). Curves B and D are typical for mounting 
without mica over heat-sink mounting holes that have a 
diameter of 0.1 13 inch (No. 4 screw clearance). The effect of 
a thin layer of silicone grease on contact thermal resistance is 
illustrated by a comparison of curves B and D. 


Operation of the transistor with heat-sink temperatures of 
100°C or greater results in some shrinkage of the insulating 
bushing normally used to mount power transistors. The 
degradation of contact thermal resistance (refer to Figs. 13 
and 14) is usually less than 25 per cent if a good thermal 
compound is used. (A more detailed discussion of thermal 
resistance, including nomographs, can be found in the RCA 
Solid State Power Circuits, Technical Series SP-52.) 

During the mounting of RCA molded-plastic solid-state 
power devices, the following special precautions should be 
taken to assure efficient heat transfer from case to heat sink: 

1. Mounting torque should be between 4 and 8 
inch-pounds. 

2. The mounting holes should be kept as small as 
possible. 

3. Holes should be drilled or punched clean with no 
burrs or ridges, and chamfered to a maximum 
radius of 0.010 inch. 

4. The mounting surface should be flat within 0.002 
inch/inch. 

5. Thermal grease (Dow Coming 340 or equivalent) 
should always be used (on both sides of the 
insulating washer if one is employed). 

6. Thin insulating washers should be used (thickness 
of factory -supplied mica washers ranges from 2 to 4 
mils). 

7. A lock washer or torque washer should be used, 
together with materials that have sufficient creep 
strength to prevent degradation of heat-sink 
efficiency during life. 


A wide variety of solvents is available for degreasing and flux 
removal. The usual practice is to submerge components in a 
solvent bath for a specified time. From a reliability stand- 
point, however, it is extremely important that the solvent, 
together with other chemicals in the solder-cleaning system 
(such as flux and solder covers), not adversely affect the life 
of the component. This consideration applies to all non- 
hermetic and molded-plastic components. 

It is, of course, impractical to evaluate the effect on 
long-term transistor life of all cleaning solvents, which are 
marketed under a variety of brand names with numerous 
additives. These solvents can, however, be classified with 
respect to their component parts, as either acceptable or 
unacceptable. Chlorinated solvents tend to dissolve the outer 
package and, therefore, make operation in a humid atmos- 
phere unreliable. Gasoline and other hydrocarbons cause the 
inner encapsulant to swell and damage the transistor. Alcohol 
is an acceptable solvent. Examples of suitable alcohols are: 
isopropanol, methanol, and special denatured alcohols, such 
as SDA1, SDA30, SDA34, and SDA44. 


754 



AN-4124 


If the completed assembly is to be encapsulated, the effect 
on the molded-plastic transistor must be studied from both a 
chemical and a physical standpoint. 

amples of acceptable fluxes are: 

1. Alpha Reliaros No. 320-33 

2. Alpha Reliaros No. 346 

3. Alpha Reliaros No. 711 

4. Alpha Reliafoam No. 807 

5. Alpha Reliafoam No. 809 

6. Alpha Reliafoam No. 8 1 1 -1 3 

7. Alpha Reliafoam No. 815-35 

8. KesterNo.44 


Care must also be used in the selection of fluxes in the 
soldering of leads. Rosin or activated rosin fluxes are 
recommended, while organic or acid fluxes are not. Ex- 



CURVE 

MOUNTING 

ARRANGEMENT 

FIGURE 

HEATSINK 

HOLE 

DIA. (IN.) 

MICA 

THICKNESS 

(MILS) 

THERMAL 

COMPOUND 

A 

9(a) 

.250 

4 

Dow Corning No.340 

B 

9(b) 

.113 

4 

Dow Corning No.340 

C 

9(a) 

.250 

2 

Dow Corning No.340 

D 

9(b) 

.113 

2 

Dow Corning No.340 

E 

— 

.140 

None 

None 

F 

— 

.140 

None 

Dow Corning No.340 


Fig. 13 - Typical case-to-heat-sink thermal resistance as a 
function of mounting torque for an RCA Versawatt tran- 
sistor. 
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CURVE 

MOUNTING 

ARRANGEMENT 

FIGURE 

MICA 

THICKNESS 

(MILS) 

THERMAL 

COMPOUND 

A 

11(a) thru 11(c) 

4 

Dow Corning No.340 

B 

— 

None 

None 

C 

11(a) thru 11(c)' 

2 

Dow Corning No.340 

D 

— 

None 

Dow Corning No.340 


Fig. 14 - Typical case-to-heat thermal resistance as a function 
of mounting torque for an RCA high-power plastic-package 
transistor. 
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Compact 5-Volt Power Supplies 
Using High-Voltage Power 
Transistors 

By R.S. Myers 


This Note discusses the use of low-cost, industrial-type, 
high-voltage power transistors and fast-recovery rectifiers to 
achieve size and weight reductions and efficiency improve- 
ments in 5-volt dc power supplies with output currents of 50 
amperes or more. The power supplies described, like those 
used in high-reliability aerospace applications, use switching 
rather than dissipating regulators to eliminate the need for a 
60-Hz power transformer and heat sinks for the transistors. 
As a result, these supplies achieve three important advantages 
over conventional power supplies: 

• Size — Volume is reduced by a factor of four. This size 

reduction does not cause any Cooling problems, 
because these supplies dissipate very little power 
(approximately 0.33 W/in.^). 

• Efficiency — Power dissipation in the regulator is. 

virtually eliminated; only the power rectifiers 
require cooling. The reduction of heat 
dissipation in a 250-watt supply can be 200 to 
300 watts, which represents a substantial 
economic saving. 

• Weight — Weight is reduced by a factor of five. 

Portability is improved, mounting is simplified, 
and chassis cost is decreased. 

A complete switching-regulator power supply that uses 
high-voltage transistors is described in detail. This unit 
produces 250 watts at 5 volts with an efficiency of 70 per 
cent. The performance of this supply is compared with that 
of a conventional supply in Table I. The design can be 
modified for more or less power, multiple outputs, or higher 
output voltages. 

THE POWER-SUPPLY CONCEPT 

In a switching-regulator type of power supply, the 
output voltage is regulated by a technique referred to as 
“pulse-width modulation”, in which pulses of variable duty 
cycle are averaged with an inductor-capacitor filter. Regula- 
tion is accomplished by the variation of the duty cycle. The 
pulses constitute a two-state signal (power on and power off) 
that is supplied to the filter, as shown in Fig. 1 . However, to 
permit use of a smaller isolation transformer, the “power-on” 
state is operated in a push-pull mode that is then rectified by 


full-wave power rectifiers. The time ratios of the push, pull, 
and off conditions a,re controlled by a modulator circuit. 

Table I — Comparison of Power Supplies 



CONVENTIONAL 

SUPPLY 

NEW 

SUPPLY 


Output Current 
at 5 volts 

25 

50 

A 

Power Losses 
(Max) 

300 

100 

W 

Size 

1600 

470 

in.3 

Weight 

50 

10 

lb. 

Recovery Time 

50 

500 

JUS 

Regulation 
(Half load to 
full load) 

>0.25 

0.5 

% 

Line Regulation 

>0.25 

0.5 

% 


The on-state voltage is unregulated and is always greater 
than the required output voltage from the filter. It is 
supplied by a low-impedance source that consists of a 
transformer with closely coupled windings, the main supply, 
and a saturated transistor. The on-state voltage is decreased 
to the specified output value by an inductor that forms part 
of the filter. Thus the filter, which converts the ac signals to 
a dc output, is a “choke-input” type. 

The switching-regulator supply operates at a frequency 
above the audio range to permit use of a small isolation 
transformer, and also to prevent sound generation. 

POWER-SUPPLY ELEMENTS 

The design of a switching-regulator power supply 
involves the six major elements shown in Figs. 1 and 2: (1) 
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OUTPUT VOLTAGE 




t t 

OFF OFF 

STATE STATE 


"PUSH" "PULL" PUSH 

ON ON ON 

STATE STATE STATE 


Fig. 1 - Block diagram of switching-regulator power supply, 
showing voltage waveforms at various points. 


the main power supply, (2) the power-switching transistors, 
(3) the isolation transformer, (4) the modulator circuits, (5) 
the power rectifiers, and (6) the filter. The important 
parameters of these elements are discussed below. 

Main Power Supply. The main supply provides the 
power that ultimately becomes the output power. It rectifies 
and filters the line voltage without use of a 60-Hz 
transformer. The design of such a supply is well covered in 
available literature *‘3. In the case of a switching-regulator 
type of power supply, the main supply may be designed for 
high ripple without increased regulator losses (such as would 
occur in a conventional series regulator). Therefore, smaller 
capacitors and lower-cost rectifiers can be used. Some 
resistance must be added in series with the power line to 
prevent damage to the rectifiers during turn-on.*’ ^ The 
voltage delivered by the main power supply varies with 
line-voltage and load variations. The peak output voltage of 
the main supply at the maximum line conditions (with 
transients) determines both the collector-voltage rating 
required for the power-switching transistors and the turns 
ratio of the isolation transformer. Table II shows the 
relationship between line voltage and transistor collector 
voltage rating. 

Power-Switching Transistors. The power-switching 
transistors are the most important components in the 
switching-regulator power supply. In the past, the high cost 
of these devices limited their use to aerospace applications; 
however, recent developments have made them economically 


competitive with other devices. The performance capabilities 
of the power supply are determined by the switching 
transistors, because they, are the parts least able to withstand 
overloads such as those caused by load faults or misuse. 
Therefore, the switching transistors must have the following 
characteristics (listed in order of importance): 

• High forward-bias second-breakdown capability. The 
transistors must carry high currents at high voltage, as 
shown in the switching load line of Fig. 3. 2 

• Ability to withstand the collector voltages specified in 
Table II in the cut-off condition. A leakage current 
(Icev) specification guarantees this capability. 

® Short rise and fall times (t r and tf), for low power 
dissipation in the transistors and thus high efficiency of 
the power supply. 

• Reasonably low Vc£(sat), for low dissipation and 
economical transistor heat sinks. 

© Stable leakage current (Icev)- The magnitude of the 
leakage is not important (even 20 milliamperes at 500 
volts contributes less than 5 watts to the average 
dissipation per transistor), but it should be stable. 

Table III lists the recommended specifications for the 
switching transistors. 

Isolation Transformer. The isolation transformer is a 
ferrite-core transformer that operates at 20 kHz. Its design 
formulas are the same as those for conventional 60-Hz 
transformers, but the results are significantly different. The 
number of turns is never greater than 200, and may be as low 
as one. These turns always fit in the large “windows” in the 
ferrite core. Leakage inductance is reduced in the primary 
turns by sectioning the primary winding. 4 Leakage in the 
secondary is less important because the secondary is loaded 
by a filter choke. The copper losses can easily be made 
negligible, and the copper wire costs are small. The size of 
the transformer core is determined by the need to dissipate 
the heat generated in the core material; the Indiana General 
Co. recommends that dissipation be kept below 0.25 
W/in. 2 . 5 ’^ The 20-kHz ferrite core is much smaller than a 
60-Hz core (3 in.^ vs. 140 in.**), and is much lighter (1 lb. vs. 
33 lbs.). 

The design of a 20-kHz power transformer involves 
three basic problems: core material selection, windings to 
keep peak flux below saturation, and compensation for 
unbalanced direct currents. 

If a core has too much loss, it will overheat. If it has too 
many turns, the flux density will be below saturation, but 
the copper losses will be greater than necessary. The number 
of turns is kept low to avoid unnecessary copper loses, but 
must be great enough to keep the peak flux in the core below 
saturation. 

The core will saturate if its cross section is too small, if 
there are not enough turns in the primary winding, or if the 
primary direct current is unbalanced. Core saturation causes 
the power-switching transistors to draw excessive currents 
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Fig. 2 - Circuit diagram of switching-regulator power supply, 
with major elements indicated. 


that can increase collector dissipation to destructive levels. 
To prevent these high currents, the power supply includes a 
monitor circuit that cuts off the base drive to the switching 
transistors when emitter current reaches the maximum safe 
value. 

Fig. 4 shows the emitter-current waveform of a 
power-switching transistor, monitored at point Y in Fig. 2, 
for different numbers of primary turns. If the emitter current 
is excessive, the circuit reduces the duty cycle to protect the 
power-switching transistor. Fig. 5 shows the waveforms for 
unbalanced dc drive. These unbalanced currents result from 
unequal duty cycles, caused by oscillator unbalance or by 
unbalance or faults in the modulator. Because such 
unbalances occur in normal operation, the protective circuits 
must be included in the power supply design. 


Modulator Circuit (Oscillator, drivers, modulators, and 
latches). These circuits, which are indicated in the circuit 
diagram of Fig. 6 and are described in Table IV, deliver the 
base drive to the power-switching transistors. The forward 
drive must be sufficient to keep the transistors saturated 
under all conditions, and must have a short rise time to 
provide fast transistor turn-on and low dissipation. The 
reverse drive must have short rise time and a magnitude equal 
to or greater than the forward base drive. The circuits also 
sense excessive emitter current in the power-switching 
transistors, and compensate by adjustment of the duty cycle, 
as noted above. 

These circuits eliminate common-mode conduction in 
the power-switching transistors. This conduction occurs in a 
driven inverter when the transistor that has been “off’ is 
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Table II — Relationship Between Line Voltage and the 
Required Collector Voltage Rating for the Switching 
Transistors. 


RMS 

PEAK 

NOMINAL 

SAFE (15% ADDED) 

LINE 

LINE 

COLLECTOR 

COLLECTOR 

VOLTAGE 

VOLTAGE 

VOLTAGE 

VOLTAGE RATING 

IV) 

(V) 

(V) 

(V) 

90 

127.3 

254.5 

292 

95 

134.3 

268.7 

309 

100 

141,4 

282.8 

325 

105 

148.5 

296.9 

341 A 

110 

155.5 

311.1 

357 1 

115 

162.6 

325.2 

374 Operating 

120 

169.7 

339.4 

390 Range 

125 

176.7 

353.5 

406 . 

130 

183.8 

367.6 

422 ^ 

135 

190.0 

381.8 


140 

198.0 

395.9 

455 

145 

205.0 

410.1 

471 

150 

212.1 

424.2 

487 

turned “on’ 

the other transistor 

continues to conduct 


because of its storage time. For several microseconds both 
transistors conduct, and the current is not limited by the 
collector circuit. The transistor that has just been switched 
on has high current and voltage simultaneously, and 
therefore high dissipation (perhaps 50 per cent of the rated 
power-supply output). This power dissipation is wasteful and 
may even damage the transistor. 

The oscillator frequency should be stable to minimize 
rectifier losses, and should be greater than 20 kHz to 
eliminate sound. All of the circuits should be insensitive to 
component-value variations, component drift, and random or 
stray interference. 



COLLECTOR-TO-EMITTER VOLTAGE (V CE > — V 

Fig. 3 - Typical load line for a switching transistor in the 
switching-regulator power supply. 


Table III — Recommended Specifications for Switching 
Transistor 

MEASUREMENT CONDITIONS 

PARAMETER FOR TRANSISTORS VALUE 



GENERAL 

USED IN DESIGN 




EXAMPLE 


'CEV 

V CE f rom 

V CE = 450 V 

5 mA 


Table II 


max. 


v BE <v EE «’» 

V BE = 1.5V 


'ebo 

v E b- v ee (11 

V eb = 6V 

5 mA 




max. 

's/b 

•c = *c l max -) 

l c = 4A 

(must pass 




test) 


V CE = V CC 
(max.) 

V CE = 200 V 



t > 50 /is 

t= 100 /is 


V CE (sat) 

( c = *c l max -) 

1 C = 4A 

< 3 V 


lg as provided 
by driver circuit 

lg = 0.8 A 


V BE (sat) 



< 2 V (2) 

V 

*c = *c l max -) 

1 B i and Ig2 as 
provided by 

driver circuits 

conditions^) 

< 1 /Is 

tf 



< 1 /Is 


v EE is negative voltage source applied to the base. 

12) importance depends upon drive-circuit design. For the design 
shown, V BE (sat) is not critical. 

13) Because of the great variations in parameters and waveforms, 
some standard test condition is used for control. The manu- 
facturers standard conditions are usually adequate control. 

Power Recifiers. Most of the losses in the power supply 
occur in the power rectifiers. In a 5-volt, 50-ampere supply, 
for example, each of the four 1N3909 rectifier diodes carries 
a nominal peak current of 25 amperes at 50-per-cent duty 
cycle. The forward power loss in the rectifier can be 
calculated from the current and voltage values. The voltage 



Fig. 4 - Waveform of emitter current in power-switching 
transistor showing effects of core-size and number of primary 
turns, with regulation defeated (see note on Fig. 6). 
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Fig. 5 - Waveform of emitter current in power-switching 
transistor showing effect of unbalanced direct current, with 
regulation defeated and load current of 25 amperes. 


drop is not specified for 25-ampere operation, but the 
rectifier has a maximum voltage drop of 1 .4 volts at a current 
of 30 amperes. Because this 30-ampere data is close to 
25-ampere operation (and unbalance could cause the current 
to exceed 25 amperes), the maximum forward-drop rectifier 
losses can be estimated from the 30-ampere specifications: 
1/2 x 1 .4 V x 30 A x 4 = 84 watts at maximum rated output. 

Reverse recovery losses in the diodes add to the total 
dissipation; these losses, which are significant at 20 kHz, 
depend on the rectifiers used, the leakage inductances in the 
wiring arud the isolation transformer, the transistor switching 
times, and the operating frequency. Because of the many 
variables (and unknowns) involved, the rectifier losses should 



Fig. 6 - Diagram of switching-regulator power supply, with 
modulator circuits emphasized. 
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Table IV — Functional Description of Modulator Circuits 


MODULATOR MAIN 

CIRCUIT PARTS IN FUNCTION OF SECTION 
SECTIONS SECTION 


Oscillator i 

Ol5 

Latch Q 5 

Q 6 


Provides basic operating frequency. 

Holds off driver Qg through D4 to 
keep off for half the period. 

Provides reverse base drive for at 
100% duty cycle through D4 and 
°5- 

Resets the latch circuits. 

Insures oscillator starts, by removing 
base drive if Qj 2 saturates too 
long. 

Terminates power-on cycle by 
latching and causing reverse base 
to Q.j. 

Is triggered on by either the current 
monitor Q3 or the modulator 
Qj 3 through T3, and is held on 
by regenerative action. Is turned 
off by the oscillator. 


Modulator 


Current 

Monitor 


Low- 

Voltage 

Supplies 


Ql 3 Compares the voltage developed by 

CA3055 the CA3055 with a triangular 

R 2 5 waveform developed by R 25 C 15 . 

C^g When the triangular voltage 

exceeds the other, 0^3 conducts 
and triggers on the latch through 
T 3- 

Qg D •j 2 Supplies the forward base drive to 
Dg Q.j, which is set by R^g. 

D4 Prevents common-mode conduc- 

R'jg tion. Diode Dj senses Vq E of 

Q 2 and prevents base drive to Qg 
and thus to Q^. Zener D^ 2 causes 
Qj to be held off until V CE of 
Q 2 exceeds the zener voltage 
15V). 

Q3 Limits the emitter current through 

R^j Qj. That current produces a 

voltage across R-j which is 
filtered; if it exceeds 2.0 V, Q3 
conducts and triggers the latch 
to terminate the power-on cycle. 

T 2 A 30-volt unregulated supply is used 

C 2 to supply the base drive for Q^ 

C3 and Q 2 . It is regulated to 15 volts 

D^4 by D.jg to supply the oscillator. 

D^g A -12-volt unregulated supply is 

regulated to -6 V by °14- 
supplies reverse base drive to Qi 
and Q 2 , and operates the 
oscillator circuit. 

An isolated supply operating from T 2 
supplies bias to the modulator 
circuit. 


Filter. The use of ac power to generate dc outputs that 
are free of ac signals requires a good filter. Moreover, in a 
power supply that delivers high current, the filter 
components must be of high quality: the inductor must have 
high Q, and the capacitor must have both low resistance and 
low inductance. 

The inductor carries a current equal to the dc output. It 
can have small size and low resistance because it has a low 
inductance (3 to 8 microhenries). The inductance value used 
is a compromise between the need for a high value to limit 
peak currents and thus permit good transistor utilization, and 
the need for a low value to permit fast response to sudden 
current demands. Fig. 7 shows how the inductor controls the 
ratio of peak collector current to average collector current in 
the power-switching transistors under steady-state operation. 
Smaller inductors cause higher peak currents, which require 
larger transistors and result in poor utilization of the 
transistor capabilities. The minimum value of inductance is 
determined by the peak collector current allowed, as follows: 


^min 


toff( max ) ^ out 
ny I c (peak) - Iload 


where ny is the turns ratio of the isolation transformer. 
However, as shown in Fig. 8, the inductor also establishes the 
maximum rate of rise of current to the capacitor, and thus 
determines the ability of the power supply to respond to 
sudden demands for load current. For quick response, a low 
value of inductance is desirable. 

The filter capacitors for this application must be 
selected for 20-kHz operation. Ceramic and paper types are 
best, but tantalum or high-quality aluminum electrolytics can 
be used for large values of capacitance. The capacitance must 
be sufficient to prevent the output voltage from decreasing 
excessively when the load is suddenly increased and the 



be determined by measurement of circuit efficiency or 

heat-sink temperature. A total rectifier loss of 45 per cent of Fig. 7 - Waveforms for filter inductor under steady-state 
the rated output power of the regulator is to be expected. operation at 60-per-cent duty cycle. 
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INPUT 
VOLTAGE TO 
FILTER ANO 
INDUCTOR 


a 


-DUTY CYCLE BECOMES 100% 


U— LOAD INCREASED AT WORST 
POSSIBLE TIME 


ALL SLOPES SAME 
AS IN FIG. 7 



Fig. 8 - Waveforms for filter inductor under sudden increase 
of load current. 

inductor supplies less than the load current. The minimum 
capacitance is given by 


where 


'load^dis + 2t off( max )) 
'"min 2( A V) allowed 


L ^load 
dis V cc (min) 


and t 0 ff(max) is 12.5 microseconds for this design. 

A SPECI FIC DESIGN EXAMPLE 

A power supply that uses the circuits shown in Figs. 1, 
2, and 6 can deliver a load current of 50 amperes at 5 volts. 
All of the pulse-width modulation circuits, drivers, and 
latches are duplicated for each power-switching transistor. 
This duplication uses more than the minimum number of 
components, but it provides wide design margins and more 
reliable operation. 

Voltage regulation and overload regulation are 
accomplished by reducing the duty cycle of the power- 
switching transistors. The duty cycle is reduced by triggering 
the latches on (see Fig. 6 and Table IV), either from pulse 
transformers T3 and T4 to regulate the output voltage, or 
from transistors Q3 and Q4 to prevent excessive emitter 
currents in the power-switching transistors. The excessive 
currents could be caused by overloads at the output or by 
transformer core saturation resulting from unbalanced duty 
cycles. 

Input-to-output isolation is maintained through the 
main isolation transformer (Tl), the 60-Hz transformer (T2), 
and the pulse transformers (T3 and T4). This circuit isolation 
is indicated in Fig. 2. 

This power supply is capable of operating into any load 
impedance, including short circuits, without damage. It can 


operate at duty cycles from less than 10 per cent to 100 per 
cent. With a duty cycle of 100 per cent, the supply operates 
as a straight inverter at the full capacity of the transistors, 
transformers, and rectifiers. 

The base drive for the power-switching transistors is 
direct-coupled, and is supplied by an unregulated low-voltage 
power supply that operates from a 60-Hz transformer. Direct 
coupling of the base drive provides positive control over 
transistor bias. The reverse base drive is supplied by the 
two-transistor latch circuits Q5 and Q6 or Q7 and Q8, or by 
the oscillator transistors (Qll and Q12) if the duty cycle is 
100 per cent. The reverse base voltage is obtained from a 
6-volt regulated supply. 

The frequency is controlled by the astable transistor 
oscillator that operates from 15-volt and -6-volt regulated 
sources. A potentiometer for equalization of the duty cycle 
is shown, but is not normally required. Transistor Q15 
insures that the oscillator does not “hang up.” 

Common-mode conduction is reduced by cross-coupled 
diodes DI and D2. These diodes conduct when Vq? of the 
power-switching transistor is less than 5 volts (breakdown of 
the zener diode), and prevent conduction of the opposite 
power-switching transistor; this operation is illustrated in the 
waveforms of Fig. 9. These diodes are of critical importance 
because the storage time of the power-switching transistors is 
several microseconds at light load conditions (Igj > 0.5 
amperes and 1^ < 0.5 amperes). 

A major consideration in the design of this power 
supply is the protection of the switching transistors and the 
load circuit from damage caused by transients or faults in the 
modulator. The faults most likely to occur are lock-up in the 
oscillator, transient turn-on of the latching transistors caused 
by dv/dt at point X in Fig. 6, and magnetic pickup in the 
pulse transformers. The circuit is designed so that any of 
these faults will cause the power-switching transistors to turn 
off ; this design protects the transistors and keeps the output 
voltage low. The overcurrent protection circuit is made 
independent of the proper functioning of the output 
regulator or its associated circuits, and is dc-coupled to 
minimize the possibility of failure. Finally, if the low-voltage 
supplies fail, the output voltage merely falls to zero without 
any harmful surges. 

Table IV gives a full description of the modulator 
circuits. For simplicity, the discussion is limited to the 
components on the left side of the symmetrical circuit layout 
shown in Fig. 6. 

VARIATIONS ON THE DESIGN 

The design discussed above and shown in Figs. 2 and 6 
can be modified for different performance. 

More Output. Larger transistors, such as the 2N5805, 
can be used as the power switches to increase the output by 
as much as 100 per cent. These transistors would require 
more base drive, which can be supplied by the circuit shown 
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(b) 

Fig. 9 - Suppression of common-mode conduction: (a) 
50-per-cent duty cycle ; (b) 100-per-cent duty cycle. 


in Fig. 10 if the capacity of the 30-volt supply is increased. 

Simpler Construction. Custom integrated circuits can 
reduce the number of parts in this unit. 



TEST POINT X 


Fig. 10 - Changes in power-switching transistor drive circuit 
to produce increased output from larger power-switching 
transistors. 


Smaller Package. A 20-kHz “off-the-line” inverter can 
be used in place of the 60-Hz transformer to reduce the size 
of the supply further. The smaller transformers, capacitors, 
and resistors for 20-kHz operation would, however, increase 
the cost. 

Sensing. The output-voltage sensing can be improved, 
and output-current sensing can be added if required. The 
short-circuit protection in the circuit can be improved by 
adding an IC regulator that senses the output current by 
means of a current-sampling resistor. 

Low-Voltage Supplies. Different voltages and different 
types of regulation can be used in the low-voltage supplies. 
One alternative, shown in Fig. 11, is the use of an extra 
winding on the isolation transformer to supply the base-drive 
transistors. This circuit reduces the cost of smoothing 
capacitor C2 in Fig. 2, and reduces the size of the 60-Hz 
transformer. 



Fig. 11 - Use of a separate isolation-transformer winding to 


supply the base-drive transistors. 


DESIGN NOTES 

The switching-regulator type of power supply is more 
complex than a conventional dc series regulator. Because 
tests must be made with regard to waveforms, an oscilloscope 
is a required diagnostic tool. A special problem is tnat most 
of the components in these supplies are not isolated from the 
power line. Although the test equipment can be used 
“floating”, the safest practice is to use an isolation trans- 
former during tests of the power supply. 

Finally, the design and construction of the filter are 
important to reduce spikes on the output. The filter unit 
should be sealed to prevent radiation. 
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A 60 -Watt, 20- Volt Regulated 
Power Supply Using a Single 
Pass Transistor 


by D. Morris and R. H. Smith 


This Note discusses a regulated constant-voltage power 
supply that uses RCA integrated circuits and a rugged RCA 
hometaxial transistor to attain high output-power capability. 
A 20-volt, 3-ampere supply that uses a single RCA-2N3055 
pass transistor is described in detail; the discussion includes 
circuit descriptions, operating characteristics, component 
specifications, and suggestions for layout and construction. 
Thermal-fatigue effects and safe operating conditions for 
power transistors are considered. Finally, guidance is 
provided for those who may want to develop a similar circuit 
for their own needs. 

DESCRIPTION OF CIRCUIT 

Specifications for the 60-watt, 20-volt supply are listed in 
Table I, and a block diagram is shown in Fig. 1 . The circuit 
uses an external pass transistor and driver to extend the 
current capability of the RCA-CA3055 integrated-circuit 
voltage regulator; the overload protection provided by a fold- 
back current-limiting circuit permits operation of the transis- 
tor at a dissipation level close to its limit. This foldback circuit 
achieves high efficiency by use of an RCA-CA3030 
integrated-circuit operational amplifier. 



Fig. 1— Block diagram of regulated power supply with 
foldback current limiting. 


Table I - Power-Supply Specifications 


^input 

105-130 V, Single Phase 

55-420 cps 

V output 

20 V ±0.5 V 

l l03dl maX > 

3 A 

Ambient Temperature 

0 to +55°C 

Voltage spikes 

None at turn on or turn off 

Regulation 

Line: ±0.25% 


Load: ±0.25% 

Ripple 

33 mV pp; 9.5 mV rms 

Transients: 


No load to full load: 

100 mV, recovery within 50 ps 

Full load to no load: 

100 mV, recovery within 50 ps 

Drift 

20 mV in 8 hours of operation at 
constant ambient temperature 

Short Circuit and 
overcurrent protection 

Foldback technique 


The over-all operation of the circuit can be understood 
with the aid of the schematic diagram shown in Fig. 2. 
Transformer T1 and its rectifiers supply the raw dc power 
that is regulated by pass transistor Q1 ; this pass transistor is 
driven by driver Q2, which is driven by the control circuit 
IC1. Transformer T2, with its rectifiers and shunt regulator 
Q4, provides positive and negative supplies for operational 
amplifier IC2; this operational amplifier drives the current- 
limiting control Q3. Output voltage is sensed at resistance 
string (R6 + R13), and load current is sensed by Rs* 
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T1 

Signal Transformer Co., Part No. 24-4 or equivalent 

R4 

100 ohms, 1/2 watt, carbon. IRC Type RC 1/2 or 

T2 

Signal Transformer Co., Part No. 12.80.25 or equiva- 


equivalent 


lent 

R5 

430 ohms, 2 watts, wire wound, IRC Type BWH or 

CR1-CR4 

RCA-1N1614 


equivalent 

CR5 

Zener Diode, 1N5225 (3.3 V) 

R6 

9100 ohms, 2 watts, wire wound, IRC Type BWH or 

CR6.CR7, ) 

« Power Rectifier, RCA-1N3193 

R7 

equivalent 

CR9, CR10J 

470 ohms, 1/2 watt, carbon, IRC type RC 1/2 or 

CR8 

Zener Diode, IN 5242 (12 V) 


equivalent 

Cl 

5900 jUF, 75 V, Sprague Type 36D592F075BC or 

R8 

5100 ohms, 1/2 watt, carbon, IRC type RC 1/2 or 


equivalent 


equivalent 

C2 

0.005 JUF, ceramic disc, Sprague TGD50 or equivalent 

R9, R14 

1000 ohms, 2 watts, wire wound, IRC type BWH or 

C3, C7.C10 

50pF, ceramic disc, Sprague 30GA-Q50 or equivalent 


equivalent 

C4 

2pF, 25 V, electrolytic, Sprague 500D G025BA7 or 

RIO, R15 

250 ohms, 2 watts, 1% wire wound, IRC type AS-2 or 


equivalent 


equivalent 

C5 

0.01 pF , ceramic disc, Sprague TG510 or equivalent 

R11, R17 

1000 ohms, 1/2 watt, carbon, IRC type RC 1/2 or 

C6 

500 pF, 50 V, Cornell-Dubilier No. BR500-50 or 


equivalent 


equivalent 

R12 

82 ohms, 2 watts, IRC type BWH or equivalent 

C8 

250 pF, 25 V. Cornell-Dubilier BR 250-25 or equiva- 

R13 

1000 ohms, potentiometer, Clarostat Series U39 or 


lent 


equivalent 

C9 

0.47 pF, film type, Sprague Type 220Por equivalent 

R16 

1200 ohms, 2 watts, wire wound, IRC type BWH or 

R1 

5 ohms, 1 watt, IRC type BWH or equivalent 


equivalent 

R2 

1000 ohms, 5 watts, Ohmite type 200-5 1/4 or 

R18 

510 ohms, 1/2 watt, carbon, IRC type RC 1/2 or 


equivalent 


equivalent 

R3 

1200 ohms, 1/2 watt, carbon, IRC type RC 1/2 or 

R19 

10,000 ohms, 1/2 watt, carbon, IRC type RC 1/2 or 


equivalent 


equivalent 


Fig. 2— Schematic diagram of 60-watt, 20-volt regulated 
power supply with fotdback current limiting. 
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R20 300 ohms, potentiometer, Clarostat Series U39 or 

equivalent 

R21 510 ohms, 3 watts, wire wound, Ohmite type 200-3 or 

equivalent 

Rq 240 ohms, 1%, wire wound, IRC type AS-2 or 

equivalent 

Rs (See text for fixed portion); 1 ohm, 25 watts, Ohmite 

type H or equivalent 
I Cl RCA-CA3055 

IC2 RCA-CA3030 

Q1 RCA-2N3055 

Q2 RCA-2N5781 

Q3, Q4 RCA-40347 

Miscellaneous 

(1 Req'd) Heat Sink, Delta Division Wakefield Engineering 
NC-423 or equivalent 

(3 Req'd) Heat Sink, Thermalloy #2207 PR-10 or equivalent 
(1 Req'd) 8-pin socket Cinch #8-ICS or equivalent 
(1 Req'd) 14-pin DIL socket, T.I., #IC 014ST-7528 or equivalent 
(2 Req'd) TO-5 socket ELCO #05-3304 or equivalent 
Vector Board #838AWE-1 or equivalent 
Vector Receptacle R644 or equivalent 
Chassis — As required 
Cabinet — As required 
Dow Corning DC340 filled grease 

Fig. 2- Schematic diagram of 60-watt, 20-volt regulated 
power supply with foldback current limiting, (cont.) 

Voltage Regulation 

The power-supply output voltage is sampled by the 
voltage divider (R6 + R13), and a portion is fed to terminal 
No. 6 (the inverting input) of the CA3055. (This portion is 
less than the 3.3-volt breakdown voltage of zener diode CR5; 
the zener is present only to protect the integrated circuit 
from accidental overvoltages.) If the output voltage 
decreases, the base-to-emitter voltage of Q2 increases, as 
explained in the next paragraph. Therefore the pass transistor 
Q1 is driven harder, and as a result the output voltage 
increases to its original value (minus the error dictated by the 
system gain). 

The process by which a voltage decrease at terminal 
No. 6 of the CA3055 produces an increase of Q2 base-to- 
emitter voltage can be understood with the aid of Fig. 3, 
which shows some of the internal circuitry of the CA3055.1 
The drop of voltage at terminal No. 6 causes a higher 
base-to-emitter voltage at the Darlington combination 
Q13-Q14. Therefore the collector current of Q14 increases, 
and thus increases the voltage drop across the 500-ohm 
resistor, which is the base-to-emitter voltage of Q2. 

Foldback Current Limiting 

The purpose of the current-limiting circuit is to prevent 
the power supply from passing a load current that could 
damage the pass transistor if a very low impedance (or a 
short circuit) is placed across the output terminals. Fig. 4 
shows the effect of this circuit. The supply voltage remains 
constant until the load current reaches the threshold for 




Fig. 4— .-oldback current-limiting characteristic. 


activation of the limiting circuit ; any further decrease of load 
impedance causes output voltage Vq and load current Iq to 
decrease, so that the Vq-Iq characteristic folds back to limit 
the power dissipation in the pass transistor. Activation of 
foldback disables the voltage-regulation circuit. 

The circuitry for foldback current limiting, shown in 
Fig. 5, uses the CA3030 integrated circuit as a differential 
amplifier. 2-5 A signal from the voltage divider RR1 and 
RR2*, which is across Vq and the Egg return, is applied to 


*RR1 actually consists of R5 and the upper portion of R20 in the 
schematic diagram of Fig. 2; RR2 is the lower portion of R20. 
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Fig. 5- Circuitry for foldback current limiting. 

the inverting input (terminal No. 3) of the differential 
amplifier. The non-inverting input is tied to system ground 
through R16. Thus the base-to-base signal that actuates the 
differential amplifier is the difference between Vr§ (=IqRs) 
and Vrr 2- The CA3030 output, which is the voltage at 
terminal No. 12, varies linearly with the actuating voltage, as 
shown in Fig. 6. When the load current is zero* , Vrs is 
zero; therefore (Vrs - Vrr2) is negative, terminal 12 is 
negative with respect to ground, and Q3 is back-biased (i.e., 
cut off). Therefore Q3 does not interfere with the normal 
voltage-regulated operation of the supply. As the load 
current increases, Vrs increases and the voltage at terminal 
1 2 increases. 

The value of resistor Rs is adjusted so that when the load 
current reaches the foldback-activation value (about 3 
amperes in the power supply shown), the voltage at terminal 
No. 12 of the CA3030 becomes positive. At about 0.7 volt, 
transistor Q3 begins to conduct; current flows through the 
current-limiting resistor Rc, with the result that terminal 
No. 1 of the CA3055 control circuit is driven positive. Q15 
of Fig. 3 turns on, and the base-to-emitter voltage of 
Q13-Q14 is therefore reduced; the base-to-emitter voltage of 
Q2 is reduced, and the output voltage of the power supply 
decreases. This decrease of Vq tends to reduce the load 
current; however, Vrr 2 also decreases with Vq, so that 
(VRS-VRR2) remains fixed and Q3 continues to conduct at 
the same emitter current. If the load impedance is reduced, 
Q3 will be driven even harder, and therefore the output 
voltage and the load current will decrease even further. Fig. 4 
shows the foldback as Rl decreases. 

This process is reversible. If the load impedance Rl is 
increased, Iq and Vq will increase. When Iq reaches the 


* The currents in the 1-kilohm bleeder resistor and the 10-kilohm 
sensing string are neglected in this discussion. 


foldback-activation level, Q3 will cut off again and the power 
supply will return to regulated operation. 

The CA3030 must be operated as a linear voltage 
amplifier in the foldback circuit, so that the gain is as shown 
in Fig. 6. If the CA3030 is adjusted otherwise, a Schmitt 
trigger action can occur. Such operation may be desirable in 
latching-type current protection, e.g., in circuits that switch 
off at overload. However, those circuits introduce other 
problems such as lack of automatic turn-on, hysteresis effects 
on varying loads during the shutdown process, and capacitive 
and nonlinear loads; therefore, latching protection is not 
considered in this Note. 



Fig. 6— Output voltage from the CA3030 operational 
amplifier as a function of actuating voltage. 

DESIGN CONSIDERATIONS 

For maximum performance from this power-supply 
circuit, several design features must be analyzed. These 
features include the equivalent source resistance of the 
rectifier filter circuit, the foldback-circuit parameters, and 
the maximum power dissipation in the pass transistor. In 
addition, safe-operation and thermal-fatigue ratings for the 
transistors are important. 

Equivalent Resistance of the Raw DC Source 

A full-wave bridge rectified provides the raw dc power 
for this supply; the rectifier and its filter are shown in 
Fig. 7(a). The output current and power capability would be 
improved by use of a custom-wound transformer, and even 
greater capability would be attained by use of a full-wave 
center-tapped rectifier circuit with a custom transformer. 
However, a custom transformer would increase the unit cost, 
particularly if no winding facilities were available; therefore, 
a commercially available transformer is used in this supply. 

The load regulation of the transformer is approximately 
10 per cent. This value is used as the approximate Rg/RL 
parameter in Schade’s curves? to select input capacitor Cl. 
The value of Cl that will keep peak-to-peak ripple below 2.4 
volts is found to be 5900 microfarads. With this capacitance, 
the measured value of equivalent source (generator) resist- 
ance Rg is 2 ohms. Fig. 7(b) shows the equivalent circuit of 
the rectifier and filter. 
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circuit (see Appendix B) shows that the ratio of maximum 
load current just before foldback activation, lx, to the rated 
load current Ir, is approximately given by 



(a) (b) 



Fig. 7— Full-wave bridge rectifier and filter that provide raw 
dc for power supply: (a) circuit diagram; (b) equiva- 
lent circuit. 


At high line voltage (130 volts ac) the cold-temperature, 
no-load dc voltage of the rectifier filter is 39.4 volts; this 
value is just below the 40-volt maximum rated voltage of the 
CA3055. At low line voltage (105 volts ac) the hot full-load 
dc voltage of the rectifier filter is 25.4 volts; the theoretical 
minimum necessary voltage for the supply is shown in 
Appendix A to be 25.4 volts. 

Foldback-Circuit Parameters 

A simple conventional foldback circuit, in which a 
single-ended amplifier is used instead of the differential 
amplifier described above, is shown in Fig. 8(a). The 
equivalent circuit is shown in Fig. 8(b). Analysis of this 


in which Vp is the voltage drop across the diode (= 0.7 volt 
for a silicon diode). Ir is the zero-bias level for Qx; when Io 
exceeds Ir, Qx becomes forward-biased and causes loss of 
regulation. 

The ratio of the short-circuit current, Isc> to the rated 
load current is approximately given by 


J SC_ Vq + Vre 
Ir V n + V PR 


When the values of the circuit components are inserted into 
these equations, these ratios have the following values: 



Fig. 8— A simple conventional foldback circuit that uses a 
single-ended amplifier instead of a differential 
amplifier: (a) circuit diagram; (b) equivalent circuit. 



Eq. (3) shows that the pass transistor must have a current 
capability 23 per cent greater than the rated current value of 
the supply, or, equivalently, that the pass transistor is 
utilized at only 77 per cent of its current and power- 
dissipation capabilities at rated supply current. This utiliza- 
tion is reduced even further by the source resistance of the 
generator, as discussed below. 

Another disadvantage of the simple foldback circuit is 
indicated in Appendix A: the minimum voltage across filter 
capacitor Cl is increased by at least (Vp + Vbe + Vrr). 

The foldback circuit used in the supply shown, which 
uses a differential amplifier and a low actuating signal, is free 
of the drawbacks encquntered in the simple conventional 
circuit. Actual values 'measured on the differential-amplifier 
foldback circuit, set for a 0.2-volt actuating signal and a rated 
load current of 3 amperes, are as follows: 
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I sc = 0.125 A 
I x = 3.15 A 


The maximum power limit for the pass transistor, Px, 
depends on the heat sink. Appendix D shows that for the 
particular case under discussion the maximum power is 47 
watts. Therefore, Ir is given by 


J X _ 3.15 
!r 3 


= 1.05 


he 

l R 


0.125 

3.00 


= 0.042 


4x47 


(40) z _ 4 x 47 x 2 


- = 3.07 A 


The maximum load current to actuate foldback is 5 per cent 
greater than the rated current, and the short-circuit current is 
4 per cent of the rated current. 

Maximum Power Dissipation in the Pass Transistor 

Power dissipation in the pass transistor reaches maximum 
during foldback. This worst-case value can be calculated by 
the analysis given in Appendix C, which uses the equivalent 
circuit shown in Fig. 9. (The use of a power-sharing resistor 
in parallel with the pass transistor is neglected in this 
discussion because transformer T1 operates at its maximum 
capacity.) Because the maximum-dissipation situation might 
occur during operation, the power supply must be designed 
to withstand this worst-case condition. 

Maximum power dissipation occurs when the output 
voltage is given by 


V OX 2(1 + a R g ) 


(5) 


where Eg is the generator voltage, a is the load conductance 
(a = Ir/Vr = 1/R-l, Ir is the rated current, Vr is the 
rated voltage, and Rg is the generator resistance. The value of 
the maximum power, Px, is given by 


P 


oE, 




X 4 (l + o R g ) 


( 6 ) 


The value of VqX is then determined as follows: 


40 


Vnv = 


0X ~2(l+I R / VR R g ) 2(1 +^x 2) 


= 15.4 V 


( 8 ) 


Idealized curves of various power-supply parameters in 
regulated operation and in foldback are shown in Fig. 10. 
Maximum dissipation is 46 watts, at Vox =15.4 volts. This 
condition can occur if the supply is turned on with a load 
that causes worst-case foldback operation. As the trans- 
former heats up, the capacitor voltage decreases (i.e., Rg 
increases), and dissipation is slightly reduced. Even at 
maximum dissipation in the transjstor, however, the power 
supply can provide continuous trouble-free operation. 

Safe Operation of Power Transistors 

The current capability of the circuit can be increased 
almost indefinitely by use of drivers and output transistors 
with higher current and dissipation capability, by paralleling 
transistors, or by providing one or more additional stages in a 
Darlington configuration, along with increased heat sinking, 
transformer and rectifier capability, and filter capacitance. 
Information on the proper operation of transistors can be 


The rated current is determined as a function of rated 
voltage, maximum power, generator voltage, and generator 
resistance, as follows: 


4Pv 


l R~ V R E 2 - 4 P 


X R g 


0 ) 


V C E 


u 


Fig. 9— Equivalent circuit used for calculation of power 
dissipated in pass transistor. 
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Fig. 10— Idealized operating characteristics of foldback cur- 
rent-limiting circuit. 

found in published data sheets.8>9 Safe-area charts, derating 
curves, thermal resistance, and maximum junction- 
temperature specifications are given in the data sheets. 
Worst-case-operation conditions for the transistors can be 
determined for a number of possible values of rated voltage 
and current, and these values can be checked against the 
specified ratings. 

The current capability of linear series regulators is usually 
limited by the safe dissipation levels of the pass devices, 
rather than by maximum current ratings or available gain, 
especially" if simple (not foldback) current limiting is used, as 
for an adjustable voltage supply. Safe operating area 
encompasses the limitations of power dissipation and second 
breakdown.* 0 RCA hometaxial-base transistors, such as the 
2N3055, show little or no second-breakdown limitation in 
the safe area. Because the published safe area is guaranteed 
by 100-per-cent factory testing, the user is sure of reliable 
service even in such severe applications as linear regulators. 


Thermal-Fatigue Considerations 

A transistor is constructed of materials that have various 
thermal-expaftsion coefficients. When the transistor is 
subjected to a range of internal temperatures in the course of 
normal operation, the different coefficients of expansion 
result in stresses on various parts of the internal transistor 
structure. These stresses are proportional to the change in 
temperature, the difference in expansion coefficients 
between two materials in contact, and the pellet size. When 
the stresses are severe enough and are repeated enough times, 
they can cause the transistor to fail, usually by rupture of the 
solder bonds between the pellet and the top contacts or 
between the pellet and the mounting base. Large power 
transistors that operate at high power levels, such as the pass 
devices in linear series regulators (e.g., the RCA-2N3055 
family of transistors in the circuit described in this Note), 
operate in a mode of high thermal-fatigue stress. 

RCA has recognized the thermal-fatigue problem and has 
developed transistors that are extremely resistant to thermal- 
fatigue failure. This resistance to thermal-fatigue failure is the 
result of a proprietary Controlled Solder Process (CSP), by 
which impurities and voids are reduced or eliminated from 
the solder system. Impurities enhance the propagation of 
cracks induced by thermal-fatigue stresses, and thus con- 
tribute to early failure of the solder bonds. Voids under the 
pellet act as insulation, and can lead to hot spots that cause 
high thermal-fatigue stresses. CSP is now employed on all 
RCA hermetic power transistors. 

RCA has developed power-transistor thermal-cycling 
ratings that indicate expected life, in number of thermal 
cycles, as a function of power dissipation and case- 
temperature change. These ratings are calculated from 
theoretical models based on actual measurements.! M 2 This 
rating system shows that the RCA-2N3055 pass transistor, 
used as described in this Note (maximum power dissipation 
of 46 watts, case-temperature change of 43°C), can survive 
more than 50,000 thermal cycles without failure. The 
RCA-2N5781 and the smaller devices in the circuit should 
last even longer. 

The combination of homotaxial construction for rugged- 
ness and CSP for long thermal-fatigue life makes these power 
transistors the best choice for power-supply applications. 

OPERATIONAL PERFORMANCE 

Adjustment of Current-Sensing Resistor R§ 

The fixed portion of current-sensing resistor Rs is simply 
a short length of resistance wire; its resistance is about 0.064 
ohm. This resistor must be adjusted on each power supply, 
because both the over-all loop system gain and the current- 
limiting voltage across terminals 1 and 8 of the CA3055 can 
vary from unit to unit. The two-step procedure for adjusting 
the fixed portion of the Rs is as follows: 

(a) Set the reference voltage by adjusting the 250-ohm 
potentiometer (R20) until the voltage from the arm of the 
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potentiometer to ground is 200 millivolts (with the load 
current zero, and total sensing resistor Rs = 0). 

(b) Use a variable resistor across the output terminals to 
set the load current at 3.15 amperes. Then insert the fixed 
portion of the sensing resistance and increase it until current 
foldback is just initiated. Initiation of foldback is evidenced 
by sudden reduction in output voltage. 

This fixed resistor should be made of resistance wire such 
as Driver Harris Manganin #18 (0.176 ohms per foot) or 
equivalent. Copper wire can be used provided I^R heating 
does not change its resistance, and effects of ambient- 
temperature change are taken into consideration. (The 
temperature coefficient of copper wire is 3.9 x 10*3 per °C. 
If the copper resistor were adjusted at 20°C, and the ambient 
temperature then changed to 55°C, the current required to 
activate foldback would be reduced from 3.15 amperes to 
2.7 amperes). 

The variable portion of current-sensing resistor Rs is a 
1-ohm potentiometer. It is used to set the current -limitation 
threshold at levels below 3 amperes, if such operation is 
desired. 

Adjustment of Current-Limiting Resistor Rc 

The CA3055 voltage regulator would function most 
effectively if current-limiting resistor Rc were zero, but Rc 
is necessary for foldback operation. Therefore, as a compro- 
mise between regulation and protection sensitivity, Rc is 
adjusted to provide an over-all regulation of ± 0.25 per cent 
for all load currents from 0 to 3 amperes. This value of Rc 
results in a reasonable short-circuit current (0.125 amperes). 
If Rc is made smaller (to permit better regulation), the ratio 
R8/R16 must be increased to provide more gain in the 
current-limiting circuit. This change may require restabiliza- 
tion of the circuit. 

Power-Supply Performance 

With the circuit adjusted as described above, the power 
supply performs as shown in Table II. 

CONSTRUCTION 

Fig. 11 shows the assembled power supply; it is 8 inches 
long, 8 inches wide, and 5 3/4 inches high (these dimensions 
can be reduced if necessary). The chassis is made of 
0.052-inch aluminum, perforated on top and sides for 
ventilation; a commercial chassis such as the BUD CA1751 or 
equivalent could also be used. 

The control circuit is built on a pre-punched fiber board. 
Good wiring techniques are observed, all leads to the 
integrated circuits are kept as short as possible, and heat 
sinks are attached where required. 

The positive and negative supplies for the operational 
amplifier are also constructed on pre-punched fiber board. 
The board is attached with an L-bracket to the diode 
support, as shown in the diagram. 



Fig. 11— Layout of power supply. 


The pass-transistor heat sink is mounted vertically, with 
1 /4-inch clearance from the bottom of the chassis to provide 
adequate convection. The circuit board is mounted as far as 
possible from the pass-transistor heat sink to achieve 
maximum thermal isolation. 

Construction of this supply is flexible. Wiring is not 
critical, but heavy wire should be used for the leads that 
carry high current. The total allowable IR drop in the wiring 
is 0.1 volt; at a current of 3 amperes, therefore, the total 
allowable resistance (including contact resistance) is 33 
milliohms. 

As in all error-detecting systems, the sampling should be 
accomplished at the terminals of the power supply, i.e., at 
the +20-volt and ground terminals. Therefore all of the 
system ground points indicated in Fig. 2 are connected with 
heavy wire to avoid ground loops. Output capacitor C6 is 
wired directly to the output terminals. 

APPENDIX A. Minimum Voltage Across Filter Capacitor 

The minimum voltage across filter capacitor Cl is 
obtained as follows: 

v Cap (min) = v O + v 0-PK + V BE 2N3055 
+ V CE 2N5781 + V R1 + V T0L + V RS + V LD 
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Table II - Performance of Regulated Power Supply 


Normal Operation: Vq set at 20.000 VDC with Iq = 3 A @ V| j ne = 

115 VAC. 

PARAMETER 

CONDITIONS 

VALUE 

Load regulation 

l 0 = 0— 3A,V Line =105VAC 

±0.25% 

Load regulation 

l 0 = 0^3A,V Une =115VAC 

±0.25% 

Load regulation 

l 0 = 0^=:3A, V Ljne = 130 VAC 

±0.25% 

Line regulation 

l O = 0 ' V Line =105 — 130 VAC 

±0.25% 

Line regulation 

! 0 = 3A ' V Line = 105; ^ 130 VAC 

±0.25% 

Total regulation spread 

0<I 0 <3A, 105<V Une < 130 VAC 

0.77% 

Ripple (peak-to-peak) 

*0 ” 3 A 

33 mV 

Ripple (rms) 

l 0 = 3A 

9.5 mV 

Transients 

Full load (3 A) to no load (O A) 

<100 mV. t recovery < 50 fis 

Transients 

No load (O A) to full load (3 A) 

< 100 mV, t recovery <50 as 

Transients 

Turn on (105 or 130 VAC) 

0 

Transients 

Turn off (105 or 130 VAC) 

0 

Drift 

l 0 = 3A 

< 15 mV/8 hours 

Case Temperature Rise: 

After 8 hours @ Iq = 3 A and Vj_j ne = 130 VAC 


2N3055 


43°C 

2N5781 


49°C 

CA3055 


15°C 

! SC 

V Line = 105 or 130 VAC 

0.125 A 

Abnormal Operation: Circuit in fold back operation at 

worst-case condition (Vq = 15.4 VDC) 

PARAMETER 

CONDITIONS 

VALUE 

Case Temperature Rise: 

After 8 hours in foldback @ V Une = 130 VAC 

Measured Calculated 

2N3055 


50°C 60°C 

2N5781 


63°C 85°C 

CA3055 


17°C 
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where 

Vo = output voltage = 20 V 

Vq.pk = ripple voltage (zero to peak = 1 /2 peak to peak) 
= 1.2 V 

VpE 2N3055 = worst case VgE of pass transistor = 1 .4 V 
Vce 2N5781 = worst case VcE of driver transistor = 1 V 
Vri = Voltage across collector resistor R1 = 1 V 
VtoL = 0.5-volt tolerance on output = 0.5 V 
Vrs = voltage of current-sensing resistor = 0.2 V 
Vld = voltage drop in wiring = 0.1 V 


However, if Vp> is large, the initiating voltage must also be 
large. Therefore, the minimum voltage across Cl must also be 
increased. 

If Vd is one diode drop (0.7 volt) and if (Vd + Vr) is 3 
volts as a compromise, then Vr = 2.3 volts, and 

hL = 02 1 2.3 + 0.7 _ 

I R 0.7 + 2.3 

and 


Therefore 

VCap (min) = 20 + 1 .2 + 1 .4 + 1 + 1 + 0.5 + 0.2 + 0.1 = 
25.4 volts 

APPENDIX B. Foldback Parameters 

As a first approximation, the following equations 
describe the three conditions of load current in the circuit of 
Fig. 8(b): 

General equation: I()Rs = Vj) + Vbe + Vrr 
At rated current Ir, it is desirable that Vre = 0. 

" ! R R S = V D + V RR 

At maximum load current, just before foldback is initiated, 
>X R S = V D + V BE + V RR 

At short-circuit current, Vq = 0, and therefore V RR = 0. 

= V D + V BE 


l R _ 0.7 + 2.3 
! S c “ 0.7 + 0.7 


2.14 


l R 

” ! SC =Ti4 = 0,468 *R 


APPENDIX C. Maximum Power Dissipation in the 
Pass T ransistor 

The equivalent circuit used to calculate the power 
dissipation in the pass transistor is shown in Fig. 9. Rg 
includes the 64-milliohm resistance used for sensing the 
3.15-ampere actuating current. The additional current 
supplied for Ico of Q1 and the current supplied to the 
CA3055 regulator are neglected. 

The voltage across the transistor is given by 

vce = E g - v o - 'o R g - E g - ( v o + I o R g) 

The power dissipated in the transistor is. given by 
P=[E g ~(V 0 + I 0 R g )] I 0 


By dividing appropriate equations. 


h 

*R 


V D + V BE + V l 


The ideal foldback characteristic is shown in Figs. 4 and 
10. The measured values are within 5 per cent of the ideal 
values. Therefore a small error is introduced if the ideal 
characteristic is used for the analysis. 

Equations that describe operation during foldback are 
derived as follows: 


and 


y = mx + b = mx+0 


Jr 

! sc 


Vn + Vp 


V n + V, 


BE 



To make the maximum current close to rated current, 
Vd + Vbe + VR « Vd + Vr 
•\(Vd + Vr)>Vbe 



O 



a 
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p = Vo-Vo-V^g 

■ E g v o° _ v o 2 ° ~ v o 2 ° 2 R g 

p + v 0 2 la + o 2 R g ] -V o [oE g ] = 0 
or 

p + v 0 2 a-v 0 b= 0 

P= BV 0 -AV 0 2 

d% =B - 2AV o 

For maximum power = 0; therefore, 
dV 0 

B - 2AV 0 = 0 
2AV q = B 


B _ 1 

’ oE g 

_ 1 

E s 1 

2A 2 

_ a + ° 2 Rg 

2 

1 + oR g 


Thus maximum power occurs when 

E s 

V 0 ~2(l+oR g ) 

Substitution of this solution into the power equation yields 
P = BV 0 -AV 0 2 
= oE g V 0 - (o + o 2 R g ) v 0 2 


However, 

a+o 2 R g = o(l +oR g ) 



Solving for a, 

o = G(1 + a R g ) 
a = G + o GR g 
a (1 - GR g ) = G 


G 



APPENDIX D. Maximum Power Dissipation Allowable for 
a Given Thermal Resistance 

The heat sink selected is a Wakefield (Delta Division 
#NC-423) type. This heat sink has a thermal resistance to air 
in convection cooling of 0.8°C/watt. Any heat sink with 
similar or lower thermal resistance is suitable. 
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The case-to-junction thermal resistance of the 2N3055 is 
rated at 1.5°C/watt, and the heat-sink-tO:case thermal 
resistance is 0.5°C/watt maximum if a mica washer and 
DC340 filled grease or equivalent are used. 

The total junction-to-air thermal resistance is: 

Ambient to Heat Sink 0.8°C/watt 

Heat Sink to Case 0.5 

Case to Junction 1 .5 

TOTAL 2.8°C/watt 

If it is assumed that the ambient temperature is 55°C and the 
junction temperature is 200°C, 

200°C - 55°C = 145°C 
145°C/2.8°C/W = 52 watts 

If a 10-per-cent safety factor is allowed, the maximum 
allowable power dissipation by the pass transistor is 52 - 5 = 
47 watts. 
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Testing for Forward- Bias 
Second Breakdown in 
Power Transistors 

by D. A. Moe 


The addition of “safe-operating-area” curves to power- 
switching transistor data for JEDEC registration and to 
manufacturers’ data sheets has made necessary the develop- 
ment of non-destructive forward-bias second-breakdown test 
facilities. This Note describes the design of a test facility 
which determines the forward-bias second-breakdown safe 
operating locus for power transistors and shows detailed 
schematic diagrams of test circuits which can be used for 
devices with collector-current ratings up to 2.5 amperes and 
sustaining collector-to-emitter voltage VcEO( sus ) ratings up 
to 300 volts, or with ratings to 5 amperes and 100 volts. 

Causes of Second Breakdown 

The safe operating area of a power transistor is bounded 
by a locus divided into four discrete segments, each 
representing a particular limiting condition. As shown in 
Fig. 1, the limiting factors are the maximum continuous- 
collector-current rating of the transistor, the maximum 
power-dissipation rating, second breakdown, and the sustain- 
ing voltage VcEO( sus ) of the device. 



COLLECTOR-TO-EMITTER VOLTAGE (V CE ) — VOLTS 

Fig. 1— A typical safe-operating-area curve. 


Forward-bias second breakdown (Is/b) in a power device 
is manifested by localized heating of the transistor pellet, as 
shown in Fig. 2. The average collector-junction temperature, 
Tj, of a power transistor may be calculated as follows: 

Tj = T C + P a vg0J-C 

where Tc is the case temperature in °C, P aV g is the average 
power dissipation in watts, and 0j.c is the junction-to-case 
thermal resistance in °C per watt. However, the actual 
junction temperature can vary from point to point on the 
chip as a result of current-crowding that causes higher 
isolated dissipation. As a result, a localized thermal runaway 
may occur. In the forward-biased mode, such local heating is 
most likely to occur at the emitter edge because, under 
forward-bias conditions, lateral base current creates an 
electric Field or voltage gradient in the base, as shown in 
Fig. 2. The direction of this voltage gradient causes greater 
forward bias at the emitter periphery than at the center. 
Therefore most injection occurs at the periphery, and the 
current density is greater. As the concentrated current flows 
across the depletion region, local power dissipation occurs 
and causes local heating. If the current density exceeds a 

MINORITY-CARRIER 

SPACE-CHARGE CONCENTRATION 



Fig. 2— Cross-section of a power transistor showing 
development of hot spots under forward bias. 
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critical level, the heat that is generated causes the local 
base-to-emitter voltage to decrease to a level that causes 
further injection, and collector-to-emitter current flow 
becomes regenerative. If this regenerative process is allowed 
to continue, device destruction follows. The current crowd- 
ing may be aggravated by a non-homogeneous collector-base 
junction or by mounting-system imperfections such as solder 
voids. 

A Second-Breakdown Test Facility 

Fig. 3 shows a simplified schematic of a test set designed 
to determine the forward-bias second-breakdown safe operat- 
ing locus for power transistors. This test facility is capable of 
determining this locus non-destructively, and therefore can 
be used to perform 100-per-cent tests of transistor capability 
in production without destroying transistors. This type of 
production test is usually made at one point of the 
second-breakdown locus shown on the published data. 
Determination of the second-breakdown limit for registration 
of a new device of a particular structure and geometry 
previously required the destructive finding of the Is/b limit 
of many individual transistors. Although each device would 
yield one data point, the points would not necessarily be on 
the same second-breakdown locus because the relative 
second-breakdown capability would vary from device to 
device. This procedure would therefore not yield accurate 
information about the actual shape of the Is/b locus. It has 
been found that the slope, n, of the forward-bias second- 
breakdown locus (I - KV* n ) plotted on log-log coordinates is 
essentially constant for a particular device structure and 
geometry. 

The second-breakdown test set shown in Fig. 3 operates 
in either of two modes: “normal” operation or “shut-down” 
operation. There are two feedback drive amplifiers in the 
circuit. One drives the transistor under test to the magnitude 
of collector current programmed by adjustment of a 
potentiometer. The current-sensing feedback loop is arranged 
so that only actual collector current flows through the 



Fig. 3— Simplified schematic of test set for second- 
breakdown current (1$/^’ 


sensing resistor; no base current flows in the mesh common 
to that resistor. The second amplifier compares the 
collector-to-emitter voltage of a transistor in series with the 
one being tested to a reference voltage and maintains the 
pass-transistor voltage constant at six volts, independent of 
test-current magnitude. 

The test voltage, Vqe, is varied by adjustment of the 
power-supply voltage across the transistor under test, the 
series pass transistor, and a one-ohm sensing resistor. During 
a normal test, the pulse generator applies an essentially 
square pulse of current through the transistor under test; the 
relatively short rise and fall times can be neglected. The 
current through the pass transistor tracks the current through 
the transistor under test. If the device being tested is 
operating within its safe area, no anomalies in transistor 
current or voltage occur and no degradation results during 
the test. 

If the transistor is operated beyond its safe operating 
area, distinct changes occur in current and voltage at the 
initiation of second breakdown. The collector-to-emitter 
voltage of the transistor suddenly drops to a low value, while 
the current rises sharply. The second-breakdown test method 
shown in Fig. 3 takes advantage of this rapid rise in collector 
current. 

For detection of second breakdown, an air-core inductor 
is placed in series with collector of the transistor under test. 
During normal operation of the test set, the voltage 
developed across this inductor is small because of the 
relatively long test-current-pulse rise time. During second 
breakdown, however, the rapidly rising collector current 
creates a high voltage across the inductor. A secondary 
winding then ac couples this voltage to a detection circuit 
which reverse-biases the series pass transistor. The inductive- 
detection approach is independent of test-current magnitude 
and reacts instead to the magnitude of its first derivative. 

The 2.5-Ampere/300- Volt and 5-Ampere/I 00- Volt 
Test Circuits 

Two forward-bias second-breakdown facilities are shown 
in Fig. 4. The first is capable of making second-breakdown 
tests at collector-current levels to 2.5 amperes and collector- 
to-emitter voltage levels to 300 volts; the second makes 
similar tests to 5 amperes and 100 volts. 

In both facilities a voltmeter V is placed across the 
Current-Level- Adjust potentiometer during setting of the test 
conditions. The drive amplifier is disconnected so that no 
current flows through the transistor under test. The test 
transistor must not be preheated before the actual test 
voltage is applied because the second-breakdown limit 
decreases with increasing temperature. While the test is being 
performed, the voltmeter V is switched across the one-ohm 
sensing resistor and monitors actual test current. 

A test is initiated by application of a pulse to the gate of 
a 2N3228 SCR, Ql, which begins to conduct and closes a 
mercury relay. A unijunction transistor fires to end the test. 
The pulse-width potentiometer can be varied to obtain test 
conditions varying from dc (2 seconds) to a short pulse (100 
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milliseconds). The setting of the Current-Level-Adjust 
potentiometer determines the amplitude of the test current 
during the pulse. The capacitor connected across this 
potentiometer maintains the rise time of the pulse applied to 
the differential-drive amplifier at approximately 25 milli- 
seconds, as shown in Fig. 5. If the rise time were too short, 
the inductive detector would trigger the latch circuitry at the 
beginning of a pulse and would incorrectly indicate second 
breakdown. 

The pass-transistor regulator maintains a constant voltage 
across the transistor under test. The series pass transistor is 
always operated in the active region so that it can turn off 
the transistor under test within one microsecond if second 
breakdown occurs. 

The two differential amplifiers are stabilized by means of 
capacitors located at several points. Stabilization of these test 
facilities is difficult because they are required to perform 
tests on devices having gain-bandwidth products fj up to 100 
MHz and at all test currents and voltages within the test-set 
ratings. The problem is compounded by the fact that fp is a 
function of collector voltage and current and may vary for 
individual devices at different test conditions. 

Particular care is necessary in the physical layout of a 
second-breakdown test facility to avoid oscillation. High- 
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Fig. 5— Waveforms for /$//, test circuits of Fig. 4: (a) 
applied pulse; (b) turn-on time; (c) turn-off time. 


frequency oscillations may then incorrectly appear to the 
inductive detector as second-breakdown failures and cause 
the protection circuitry to be triggered. Leads should be as 
short as possible. 

In the event of second breakdown, the large current 
change di/dt causes a voltage to be coupled to the 
second-breakdown latch circuitry, Q24 and Q25. This 
regenerative circuitry drives the pass-transistor regulator, 
Q16, which then applies instantaneous negative voltage at the 
base of the pass transistor to interrupt the test current. A 
light on the front panel of the test set indicates second 
breakdown. The coupling capacitor in the reset circuitry for 
the latch is selected so that it cannot override a pulse from 
the second-breakdown-sensing transformer. If a shorted 
transistor is placed in the test socket and the reset button is 
depressed, the resulting instantaneous rise in primary current 
triggers the latch. Therefore, it is impossible to reset the 
facility with a shorted transistor in the socket. Although the 
primary inductance of the sensing transformer is very small, 
it helps to keep collector current from rising instantly during 
second breakdown. A diode clamp is employed to damp 
ringing voltages that might otherwise exceed the avalanche 
breakdown voltage of the transistor under test. 

If the transistor under test has large leakage current, or if 
a slow thermal runaway occurs, the collector current does 
not rise fast enough to trigger Q24 and Q25. The latch is 
then “triggered by back-up circuitry. The back-up circuit, 
which consists of Q21, Q22, and Q23, is a Schmitt trigger set 
to switch at a collector test current ten per cent higher than 
the rated value of the test facility. In this case, a relatively 
long time may be needed to exceed this rating. 

Transistor Characterization for Forward-Bias 
Second Breakdown 

Actual second-breakdown measurements for the RCA- 
2N5240 are shown in Fig. 6. The three curves indicate 
differences in second-breakdown capability at different case 
temperatures, but show that the second-breakdown loci have 
essentially identical slopes. The 2N5240 is a double-diffused 
triple epitaxial silicon power transistor having eight separate 
emitter sites. A small ballast is provided in series with each 
emitter to extend second-breakdown limits. 

Characterization of a transistor for second breakdown 
and power handling is performed in two steps. First, the dc 
and pulsed power-dissipation capability of the device are 
calculated on the basis of its steady-state and transient 
thermal resistance. These curves are then checked empirically 
to determine at what value of collector-to-emitter voltage 
second breakdown begins to dominate. 

To obtain a single point on the curve, the desired 
collector-to-emitter voltage VcE is applied to the transistor 
under test, and a test is performed at a test-current 
magnitude below the expected capability of the device. If 
failure does not occur, the test-current magnitude is 
increased in steps until failure does occur. This procedure is 
repeated at several values of VcE- During each trial, the 
transistor case must be at the temperature for which 
second-breakdown capability is being determined. Usually a 
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Fig. 4— Schematic diagram of / s/b test facilities for (a) currents to 2.5 amperes and 
voltages to 300 volts, and (b) currents to 5 amperes and voltages to 100 volts. 
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Fig. 4— Schematic diagram of Is/b test facilities for (a) currents to 2.5 amperes and 
voltages to 300 volts, and ( b ) currents to 5 amperes and voltages to 100 volts. 
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heat sink having a large thermal capacity is used. An 
approximate test for degradation may be made by repeating 
the second-breakdown test at the current level just preceding 
device failure; the device should pass this. test. Another 



COLLECTOR-TO-EMITTER VOLTAGE (V C E> — VOLTS 

Fig. 6— Forward-bias second breakdown of RCA-2N5240 as 
a function of collector-to-emitter voltage for 
different case temperatures. 


method is to measure changes in collector cutoff current 
ICBO after second-breakdown failure. 

The final second-breakdown curve plotted to characterize 
the device for registration, which is shown in the table of 
device characteristics on the data sheet, has a slope greater 
than that of the family of devices represented. To guarantee 
this published curve, a 100-per-cent test is performed in 
production at the Is/b specification point. 

It should be noted that there is not an abrupt change in 
power-handling capability along the safe-area locus, but 
rather a gradual change in the slope of the curve. The slope 
becomes less at lower collector-to-emitter voltages because 
the electrical base width in the transistor varies as a function 
of voltage. As VcE decreases, the depletion-region width 
decreases and the electrical base width increases. These 
changes have the effect of decreasing current density because 
the minority carriers in the base have a greater distance over 
which to diffuse outward laterally, as shown in Fig. 2. 
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Thermal-Cycling Rating System 
for Silicon Power Transistors 


by W. D. Williams 


Thermal fatigue is a wear-out type of failure that may 
occur in silicon power transistors as a result of the thermal 
cycling produced by changes in power dissipation or in the 
ambient temperature. When a transistor is alternately heated 
and allowed to cool, cyclic mechanical stresses are produced 
within the device because of differences in the thermal 
expansion of the silicon pellet and the metallic materials to 
which the pellet is attached. In the past, the effect of such 
stresses has been almost completely ignored in the design of 
power-transistor circuits. The circuit designer should realize, 
however, that, just as a wire that is continuously flexed at 
one point will eventually break because of metal fatigue, 
cyclic thermal stresses can similarly lead to fatigue failures in 
power transistors. 

This Note briefly analyzes the basic causes of thermal 
fatigue in silicon power transistors and describes a rating 
chart that makes it possible for a circuit designer to avoid 
such failures during the operating life of his equipment. 
Examples are provided on the use of this chart to determine 
the transistor operating conditions required to assure a 
desired thermal-cycling capability and to determine whether 
the thermal-cycling capability of a transistor is adequate for 
the requirements of a given application. 

Analysis of Thermal Fatigue in Silicon Power Transistors 

Power transistors are subjected to some thermal stresses 
in all practical circuits in which they may be employed. In 
many common applications, these stresses are very severe, as 
indicated by the examples of the thermal-cycling require- 
ments of several typical applications listed in Table I. The 
cyclic stresses may eventually result in physical damage to 
the semiconductor pellet or the mounting interface. 

In most silicon power transistors, the small silicon pellet 
is bonded to a copper header. The coefficient of thermal 
expansion for silicon (3 x lO^) is much less than that of 
copper (17.5 x 10‘6). Temperature variations within the 
transistor, therefore, result in cyclic stresses at the mounting 
interface of the silicon pellet and the copper header because 
of the difference in the thermal expansions of these parts. If 
a hard solder, such as silicon gold, is used to bond the pellet 


to the header, these stresses are transmitted to the silicon 
pellet. Silicon is relatively weak in tensile strength and is 
highly “notch sensitive.” Such stresses therefore, often result 
in pellet fractures. In general, however, lead solder is used to 
bond the silicon pellet to the copper header. The cyclic 
thermal stresses then are absorbed by non-elastic deforma- 
tion of the soft lead solder, and very little stress is 
transmitted to the pellet. 

The continuous flexing that results from cyclic tempera- 
ture changes in the transistor may eventually cause fatigue 
failures in the lead solder. Such failures are a function of the 
amount of change in temperature at the mounting interface, 
the difference in the thermal-expansion coefficients of the 
silicon pellet and the material to which the pellet is attached, 
and the maximum dimensions of the mounting interface. 1 
Fatigue failures occur whenever the cyclic stresses damage 
the solder to the point at which the transfer of heat between 
the pellet and the surface to which it is mounted becomes 
impaired. This condition may exist in only a small portion of 
the pellet. This portion, however, overheats, and transistor 
failure results because of conditions that very closely 
approximate those encountered during second breakdown/ 

Thermal-fatigue failures in power transistors are accel- 
erated because of dislocation “pile-ups” that result from 
impurities in the lead solder/ RCA has developed a process 
that substantially reduces the amount of impurities intro- 
duced into the solder. Use of this proprietary “controlled 
solder process” (CSP) makes it possible to avoid the 
microcracks that propagate to cause fatigue failure in power 
transistors and, therefore, greatly increases the thermal- 
cycling capability of these devices/ 

Thermal-Cycling Rating Chart 

The mathematical relationship among the factors that 
affect fatigue failure in silicon power transistors can be 
expressed, in terms of the number of thermal cycles to 
failure N, as follows: 1 

4> 0 I [ AT (a A ~ a B) L 1 

N = Ae 
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Table I - Thermal-Cycling Requirements for Typical Applications of Power Transistors 


Application 

Circuit 

P T 

(W) 

AT c 

(°C) 

Minimum Equipment 
Life Required 
(years) 

Typical Thermal- 
Cycling Rating 
Required 
(cycles) 

Auto radio 

Class A 

8 

75 

5 

5,000 

audio output 

Class AB 

2 

45 

5 

5,000 

Power supply 

Series regulator 

50 

65 

5 

5,000 


Switching regulator 

15 

65 

5 

5,000 

Hi-Fi audio 

Class AB 

35 

50 

5 

5,000 

amplifier 

Computer power 

Series regulator 

50 

65 

10 

10,000 

supply 

Computer peri- 

Solenoid driver 

5 

5 

10 

1.3 x 10 8 

pheral equip. 

Television 

Vertical output 

10 

75 

5 

5,000 


Audio output 

8 

75 

5 

5,000 

Sonar 

Linear amplifier 

100 

55 

10 

144 x 10 3 

modulator J 


where A is a constant determined by the mounting 
system, A T is the change in temperature at the mounting 
interface, a\ and ajj are the thermal -expansion coefficients 
of the silicon and the metal under the solder joint, 0 O is a 
material constant proportional to the change in temperature 
AT. and the difference in the thermal-expansion coefficients 
aA and afi , and L is the maximum length of the solder joint 
under the pellet. 

For a given transistor, the only variable in the thermal- 
cycling equation that can be controlled by the circuit 
designer is the change in temperature at the interface of the 
silicon pellet and the material to which the pellet is mounted. 
This change in temperature A T is, of course, less than the 
change in transistor junction temperature A Tj, but is greater 
than the change in case temperature at^ . 

RCA has devised a rating chart that relates the 
thermal-cycling capability of a silicon power transistor to 
total device dissipation and the change in case temperature. 


This chart is presented in the form of a log-log presentation 
in which power dissipation is shown on the vertical axis and 
the number of thermal cycles is shown on the horizontal 
axis. Rating curves are shown for various magnitudes of 
case-temperature swings. Fig. 1 shows an example of a 
typical rating chart of this type. 

A circuit designer may use the rating chart to define the 
limiting value to which the change in case temperature must 
be restricted to assure that a power transistor is capable of 
operation at a specified power dissipation over the number of 
thermal cycles required in a given application. Conversely, if 
the power dissipation and the change in case temperature are 
known, the designer may use the rating chart to determine 
whether the thermal-cycling capability of the transistor is 
adequate for the application. These uses of the rating chart 
are illustrated by examples on the chart shown in Fig. 1 . 

The chart shows the thermal-cycling ratings for an 
experimental silicon power transistor that has a thermal 
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resistance from junction to case of 1.5°C per watt. If a 
designer wishes to determine the maximum allowable change 
in the case temperature of this transistor for the thermal- 
cycling requirements of a given application, he simply plots 
the point of intersection of a horizontal projection of the 
total device dissipation with a vertical projection of the total 
number of thermal cycles required in the application. If this 
point lies exactly on one of the power-dissipation curves, the 
maximum allowable change in case temperature can be read 
directly from the chart; if not, the allowable temperature 
change can be approximated by linear interpolation. This use 
of the rating chart is illustrated by example No. 1 in Fig. 1. 

For this example, it is assumed that the transistor is to be 
operated intermittently at a power dissipation level of 50 
watts and that a thermal-cycling capability of 5.0x104 
cycles is required to assure that the life of the transistor 
exceeds that of the equipment in which it is to be used. The 
point of intersection of line projections of the power 
dissipation and the required number of thermal cycles 
indicates that the change in case temperature must be 
restricted to a maximum value of 50°C per thermal cycle. 
This value determines the requirements of the transistor heat 
sink. If the thermal cycles are long in comparison to the 
thermal time constant of the heat sink, the total thermal 
resistance from case to ambient should not exceed 1°C per 
watt. If the thermal cycles are short relative to the thermal 
time constant, a higher thermal resistance is permissible 
provided that the thermal capacitance of the heat sink is 
sufficient to assure that the change in case temperature does 
not exceed 50°C during the thermal cycle. 

Example No. 2 in Fig. 1 illustrates the use of the rating 
chart to determine whether the thermal-cycling capability of 
a transistor is adequate for a given application. In this 
example, a transistor dissipation of 30 watts and a 
case-temperature swing (measured) of 75°C are assumed. A 
vertical projection of the 30-watt point on the A Tc = 75°C 
power-dissipation curve indicates that, for these operating 
conditions, the transistor has a thermal-cycling rating of 
3.2x104 cycles. If this rating is not adequate for the 
intended application, either the power dissipation must be 
reduced or a larger heat sink must be used so that a smaller 
change in case temperature will result during a thermal cycle. 

In many applications, a power transistor may be 
subjected to thermal cycles that differ in both duration and 
magnitude. In such instances, the fractional amount of the 
thermal-cycling life of the transistor used by the total 
number of thermal cycles of each type during the required 
life of the equipment must be separately determined and 
then added together to ascertain whether the thermal-cycling 
rating of the transistor will be exceeded in the application. 
The ratio of the total number of cycles of each type to which 
the transistor will be subjected during the life of the 
equipment to the total number of cycles of the same type 
that the transistor is rated to withstand before fatigue failure 
is obtained for all the dissimilar thermal cycles. If the sum of 
these ratios is less than unity, the transistor is obviously 


operated within ratings in the application. If the sum is 
greater than unity, the thermal-cycling rating of the 
transistor is exceeded in the application, and device failure 
may occur during the operating life of the equipment. 

The technique used to determine whether the thermal- 
cycling ratings of a transistor are exceeded in a . specific 
application in which the transistor is subjected to different 
types of thermal cycles can be illustrated by use of the 
examples of different operating conditions shown in Fig. 1 . 
If the transistor is assumed to be subjected to the conditions 
specified for examplele No. 1 for 2.5 x 104 thermal cycles 
and to the conditions specified for example No. 2 for 
1.6x 104 thermal cycles, the following summation is made 
to determine whether the transistor will be operated within 
its thermal-cycling ratings: 

2.5 x 1P4 + 1 .6 x 104 
5.0x 104 3.2x 104 

This summation indicates that, for the conditions assumed, 
the transistor is operated exactly to the limit of its 
thermal-cycling rating. 

The RCA thermal-cycling ratings allow a circuit designer 
to use silicon power transistors with assurance that no fatigue 
failures of these devices will occur during the operating life 
of his equipment. These ratings provide valid indications of 
the thermal-cycling capability of silicon power transistors for 
all types of operating conditions and, therefore, enable the 
circuit designer to “design out” the possibility of transistor 
thermal-fatigue failures. 

Obviously, all power transistors cannot be tested to 
determine their thermal-cycling capability because such tests 
are expensive, time consuming, and destructive. The validity 
of the thermal-cycling ratings results from the application of 
stringent process controls at each step in the manufacture of 
the transistors and from the testings of a statistically 
significant number of samples. Thermal-cycling ratings for 
silicon power transistors provide the same type of assurance 
that a device will not fail when operated within ratings as 
that provided by the more familiar voltage, current, and 
second-breakdown ratings. 
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A 750-Watt Three-Phase 
Frequency Converter 


by W. J. Beiswinger 


Military equipment frequently uses three-phase 400-Hz 
power, and industrial plants and laboratories often require 
power at a variety of low frequencies. Ac-to-ac converters, 
driven from standard power lines, can be used to meet these 
requirements. This Note describes a frequency converter with 
output frequency from 380 Hz to 1250 Hz that delivers up 
to 750 watts of three-phase power at 120/208 volts rms. The 
circuit uses a three-phase bridge inverter supplied from a 
rectified ac line; the input can be single-phase or three-phase, 
120 volts or 208 volts, at any frequency from 47 Hz to 1250 
Hz. The RCA-2N5805 power transistor used in this converter 
is especially suited for power-switching circuits. 

CIRCUIT DESCRIPTION 

As shown in the block diagram of Fig. 1, the converter 
has four basic components: 

® a power supply, which consists of a rectifier and a 
filter, to change the ac line power to dc power for the 
three-phase bridge inverter; 
o the three-phase bridge inverter; 

® three-phase logic and driver circuits to switch the 
transistors of the inverter in the proper sequence; and 
® an output transformer. 



Fig. 1— Block diagram of 750-watt three-phase converter. 


7-71 


Fig. 2 is a schematic diagram that shows the power supply, 
inverter, and output transformer. The logic and driver 
circuits are shown in Figs. 3 and 4. 

The Power Supply 

The bridge rectifier will operate from either a single- 
phase or three-phase line; the circuit shown in Fig. 2, which 
uses 1N1204A rectifiers, is designed for either a 120-volt or a 
208-volt line. The 1 1 ,000-microfarad filter capacitor keeps 
ripple below 50 millivolts even when a single-phase input line 
is used. 

The Inverter 

The three-phase bridge inverter uses pairs of RCA- 
2N5805 switching transistors that are transformer-driven 
from the logic circuit. The switching transistors in turn 
control the flow of current through the delta-connected 
primary of the output transformer. 

The Logic and Driver Circuits 

The logic and driver circuits include a low-voltage dc 
supply, which operates from a single phase of the ac line. A 
stepdown transformer reduces the line voltage to 12 volts, 
and provides isolation from the power line. This transformer, 
T4, has a frequency range from 47 Hz to 1250 Hz; its 
parameters are shown in Table I. The supply voltage is 
regulated by a pass transistor and a 12-volt zener diode. 

The logic sequence begins with a tunable unijunction 
oscillator that delivers timing pulses to a six-stage ring 
counter, as shown in Fig. 3. The timing of these pulses is 
determined by the oscillator frequency; adjustment of the 
75-kilohm potentiometer can set the frequency of the pulse 
sequence from 380 Hz to 1250 Hz. The output pulses from 
the ring counter are coupled to a diode matrix, shown in 
Fig. 4, to activate the inverter drive transistors. 

The drive transistors provide drive to the inverter through 
transformers Tl, T2, and T3. The first timing pulse produces 
a positive voltage across one half of the primary of Tl, a 
negative voltage across one half of the primary of T2, and a 
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N 0|-0 6 -2N5805 

3 PHASE 
OUTPUT 


Fig. 2— Schematic diagram of three-phase frequency con- 
verter , showing the dc supply, the inverter, and the 
output transformer. 


(2) IN3754 



Fig. 3— Oscillator and six-stage ring counter for the logic 
circuit of the three-phase frequency converter. 
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Fig. 4— Diode matrix and driver for output devices of 
three-phase frequency converter . 


Table I — Stepdown Isolation Transformer for Table II — Pulse Polarities at Primary Coils 


Logic Circuit Supply 


of T1,T2, and T3 


CORE - Square Stack 75EI Microsil 

(0.006) Magnetic Metals Co. 

Pulse 

V T1 

V T2 

V T3 

75EI3306 

1 

+ 

- 

+ 

PRIMARY - 120 Volts 

1200 Turns #32 Wire 

2 

+ 

- 


100 Turns Per Layer 

12 Layers 

3 

+ 

+ 


SECONDARY - 12 Volts 

4 

~ 

+ 

~ 

128 Turns #22 Wire 

32 Turns Per Layer 

5 


+ 

+ 

4 Layers 

6 

- 

- 

+ 


positive voltage across one half of the primary of T3; the 
second timing pulse produces a positive voltage across one 
half of the primary of Tl, and a negative voltage across 
halves of the primaries of T2 and T3; and so forth. The 
sequence of these voltages is tabulated in Table II and 
displayed graphically in Fig. 5 to show that the periodic 
voltages across the three transformers are offset by 
120-degree intervals. 

Design information on transformers Tl, T2, and T3 is 
shown in Table III. 


The Output Transformer 

The output transformer, T5, isolates the output circuit 
from the power line, transforms the voltage up or down to 
produce a 120/208-volt output, and reduces harmonic 
distortion. The primary is delta-connected, and the second- 
ary is wye-connected to provide three-phase, four-wire 
service. 

The primary coils carry the full supply voltage. The 
waveshapes in the primary and secondary coils are the same, 
and are shown in Fig. 6; the polarities of these pulses are 
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RING COUNTER OUTPUT PULSES 



Fig. 5- Sequence of voltages across drive transformers T1, 
' T2, and T3. 


shown in Fig. 7. The manner in which the secondary coil 
voltages add to reduce distortion is also shown in Fig. 6. The 
voltage across secondary terminals A and C is equal to the 
difference of the voltages in secondary coils 1 and 3. 
Subtraction of waveform V3 from waveform VI results in 
the output waveform (VI - V3), which is more sinusoidal 
than VI or V3. The measured value of total harmonic 
distortion (THD) in each coil is 28 per cent; the THD across 
the output terminals is 24 per cent. 


Table III — Driver Transformer Design Information 

CORE — Square Stack 21 El Microsil 

(0.006) Magnetic Metals Co. 
21 EI3306 

PRIMARY - 14 Volts 

140 Turns Bifilar #29 Wire 
(in Series) 

20 Turns Per Layer 
7 Layers 

SECONDARY - 4 Volts 

52 Turns Bifilar #29 Wire 
13 Turns Per Layer 
4 Layers 


DELTA- WYE 



Fig. 6— Phase-to-neutral and phase-to-phase voltages in the 
delta- wye output transformer. 

Design information for the output transformer to operate 
from a 120-volt line or a 208-volt line is given in Table IV. 


Table IV — Output Transformer Design Information 

CORE — Square Stack 1.2E 1 30 Microsil 

(0.006) Magnetic Metals Co. 
1.2E 1 303306 

PRIMARY (DELTA) -120 Volts 

188 Turns #17 Wire 
47 Turns Per Layer 
4 Layers 

OR 

- 208 Volts 

325 Turns #19 Wire 
55 Turns Per Layer 
6 Layers 

SECONDARY (WYE) - 120/208 Volts 

200 Turns #17 Wire 
50 Turns Per Layer 
4 Layers 
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OUTPUT VOLTAGE 
(200 V/DIV.) 





1 y - — ■, 




COLLECTOR VOLTAGE 



. (100 V/DIV.) 





1 1 

— — 


COLLECTOR CURRENT 
(I A/DIV.) 

TIME (Ims/DIV.) 

Fig. 8— Waveforms of transformer output voltage, collector 
voltage, and collector current. 




Fig. 7— Pulse polarities in output transformer T5. 


CONVERTER PERFORMANCE 

A photograph of the output waveform from the 400-Hz 
converter is shown in Fig. 8. Waveforms of the collector 
voltage and current in one of the switching transistors (Ql) 
are also shown in Fig. 8. 

Fig. 9 shows the output performance of the converter. 
Both the efficiency and the regulation are good. Efficiency 
rises from 50 per cent at low load current to 75 per cent at 
the rated load current of 2.1 amperes. The rms output 
voltage varies by only 10 volts between low- and high-current 
loading. 



Fig. 9— Performance characteristics of the three-phase 
converter. 
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Thermal-Cycling Ratings of 
Power Transistors 


by V. J. Lukach, L. J. Gallace, and W. D. Williams 


SUMMARY 

This Application Note discusses a testing program used to 
determine the capability of a particular power transistor 
design for withstanding thermal cycling over a wide range of 
operating conditions. A sufficient number of tests were 
performed to verify a rating chart which can be applied by an 
equipment designer to any practical operating condition. The 
discussion covers a brief description of thermal fatigue, a 
method of “scaling the environment” to determine the 
proper test conditions, specialized test equipment and 
techniques to insure that the proper stresses were applied to 
the transistor, and the test results and the transistor 
predicted capability chart. 

INTRODUCTION 

Thermal fatigue is a wearout failure mechanism in silicon 
power transistors caused by repeated temperature cycling 
from either changes in power dissipation or ambient tempera- 
ture differences. In a transistor where the silicon die is 
mounted with lead-tin or other “soft” solder, a failure 
normally occurs because of a degradation of the joint 
between the silicon die and the surface to which it is 
mounted. This degradation results in localized overheating 
and eventual localized thermal runaway. The failure mode is 
very similar to that encountered in forward-biased second 
breakdown 1 . In many cases where the current is not limited 
during the resulting short circuit, the transistor chip is 
destroyed and it is impossible to determine what caused the 
failure. 

In a transistor mounted with a gold-silicon eutectic or 
other “hard” solder, the failure due to thermal fatigue 
usually occurs from fracturing of the silicon die, which often 
also results in a shorted transistor and destruction of the 
silicon die. 

The causative factors in thermal fatigue and device design 
methods of alleviating it have been covered in the literature^. 
A system of rating a power transistor to clearly delineate 
thermal -cycling capability was described in an earlier 
Application Note^. This Note describes a testing program to 
determine whether the rating chart computed by use of the 


theory suggested in the above references truly represents the 
capability of a silicon power transistor over a wide range of 
stress levels. 

THERMAL-FATIGUE BACKGROUND 

In almost any application, a silicon power transistor is 
subjected to some cyclical thermal stress. Often this stress is 
quite severe and frequent. Table I shows some typical 
applications of power transistors and the expected thermal- 
cycling-life requirements. The number N of cycles to failure 
in terms of the device characteristics and operating con- 
ditions has been expressed as^ 

0 o 

AT (ai - a9)L 
N = Ae 1 z 

where A and \p 0 are constants for a given power transistor 
structure, (aq-c^) is the difference in thermal coefficient of 
expansion between the silicon die and the material on which 
it is mounted, L is the maximum dimension of the silicon 
chip, and AT is the change in temperature at the interface 
between the silicon chip and the material to which it is 
mounted. In practical applications, the temperature swing at 
this interface is the sum of the case-temperature change and 
the temperature rise equal to the thermal resistance between 
the interface and the case multiplied by the power 
dissipation. 

By use of these relationships, and a small amount of 
empirical data, a thermal-cycling rating chart was drawn for 
the RCA-2N3055 power transistor, as shown as Fig. 1. 
Verification and/or correction of this rating chart was one 
purpose of the testing program described in this Note. 

TEST PROGRAM 

Objectives 

There were multiple objectives in this program. First was 
the determination of thermal-fatigue capability for the 
RCA-2N3055. Second was the mathematical representation 
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Table I — Thermal-Cycling Requirements for Typical Applications of Power Transistors 


Application 

Circuit 

PT 

(W) 

Auto radio 

Class A 

8 

audio output 

Class AB 

2 

Power supply 

Series regulator 

50 


Switching regulator 

15 

Hi-Fi audio 

Class AB 

35 

amplifier 

Computer power 

Series regulator 

50 

supply 

Computer peri- 

Solenoid driver 

5 

pheral equip. 

Television 

Vertical output 

10 


Audio output 

8 

Sonar 

Linear amplifier 

100 


Modulator 


of this capability in various tables and on appropriate charts. 
Finally, since thermal-fatigue rating charts were theoretically 
generated, independent appraisal and statistical approaches 
were used to compare the predicted response with the actual 
response. 

Experimental Design 

Because of the interrelationships among variables, this 
study requires a nonclassical approach. A thermal-fatigue test 
is basically a cyclical operating-life test. Fig. 2 shows one of 
the life-test racks used in this program. It accommodates 40 


AT C 

Minimum Equipment 

Typical Thermal- 
Cycling Rating 

(°C) 

Life Required 
(years) 

Required 

(cycles) 

75 

5 

5,000 

45 

5 

5,000 

65 

5 

5,000 

65 

5 

5,000 

50 

5 

5,000 

65 

10 

10,000 

5 

10 

1.3 x 108 

75 

5 

5,000 

75 

5 

5,000 

55 

10 

144 x 103 


transistors and allows as many as four different thermal- 
fatigue tests simultaneously. Eight fans cool the units quickly 
during the “off’ cycle. The photograph shows a free-air test; 
however, the plug-in sockets can be removed and devices on 
heat sinks or devices of another configuration substituted. 
Monitoring jacks are available on the front panel. The 
connections to the power supplies are not shown. Timers and 
relays are manually set for a variety of on/off conditions. 
The test circuit, shown in Fig. 3, is a common-emitter circuit 
that permits a smaller-current base power supply to be used. 
A common-base circuit could also be used. For room- 



Fig. 1— Therma/'Cyc/ing rating chart for the RCA-2N3055 power transistor. 
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Fig. 2— Thermal-fatigue test rack. 

ambient testing, the input variables include the heat-sink size, 
on/off cycle time, and power dissipation (collector-emitter 
voltage and collector current , Vce and Ic). The response 
variables are the change in case temperature AT C , and 
maximum junction temperature Tj( max ). The final response, 
of course, is the effect on the device, whether it be an open, 
short, or a change in an electrical parameter. Some of these 
variables are independent and some dependent. For example, 
with a given heat sink and cycle time, a change in power 
dissipation Pj will change both AT C and Tj( max ). It is 
impossible to preset levels of these variables and achieve 
these conditions. This key point prevents utilization of a 
factorial design in a classical statistical approach. 

The interdependency of some of the variables requires a 
complex preliminary set of experiments before the per- 
formance of a thermal-fatigue test on product capability. 
This preliminary work is called “scaling the environment”. In 
the case of the 2N3055 transistor, it was necessary to 
determine 150 practical test (sampling) points that naturally 
exist when the bounds of the above-mentioned variables are 
considered. Table II shows parameter values for some of the 
150 empirically derived test cells. From this data, test cells 



Fig. 3— Test circuit. 


Table II — Scaling the Environment 


On/Off Heat 


Vce 

ic 

PD 

Time 

Sink 

Tj(max.) 

AT cas e 

(V) 

(A) 

(W) 

(Sec.) 


(°C) 

(OC) 

17 

1 

17 

100/200 

HO 

188 

150 

17 

1 

17 

180/180 

HO 

2 3 0 

190 

30 

1 

30 

50/130 

H 0 

190 

145 

27 

1 

27 

50/130 

H 0 

178 

125 

30 

1 

30 

50/130 

HO 

2 3 5 

170 

30 

1.4 

41 

100/200 

Hi 

200 

145 

30 

1 

30 

100/200 

Hi 

165 

120 

27 

1 

27 

150/300 

h 2 

150 

100 

28 

2 

56 

15/25 

Hi 

150 

50 

33.3 

3 

100 

50/100 

h 3 

170 

80 

33.3 

3 

100 

100/150 

h 3 

185 

100 

5 

1 

5 

50/100 

HO 

70 

32 

10 

1 

10 

100/200 

Hi 

80 

58 

35 

2 

70 

180/180 

h 3 

155 

86 

7.5 

1 

7.5 

180/180 

Hi 

154 

113 

10 

1 

10 

300/300 

h 2 

92 

63 

45 

2 

90 

50/100 

h 3 

150 

93 

30 

1 

30 

600/600 

h 3 

103 

61 

10 

1 

10 

300/300 

HO 

223 

130 

5 

1 

5 

150/300 

h 2 

54 

43 


Ho = Free air 

Hi = 11°C/W thermal resistance 
H 2 = 6.3°C/W thermal resistance 
H 3 = 1 .3°C/W thermal resistance 
Thermal resistances of heat sinks are steady-state values 
Tj(max) = Tc(max) + ^j-cPD 
(0 j-c ~ .50C/W) 


were selected to give sizable spread to the primary variables, 
PT (VcE-Ic) and AT C . The points chosen are shown on the 
theoretical rating chart of Fig. 4. Many of the points are 
outside of the projected safe area. This fact illustrates 
another consideration in the total study, time. To minimize 
testing time and still generate meaningful data, a form of 
accelerated testing was built into the program. The usual 
precautions were employed in utilizing accelerated testing; 
i.e., failure analysis and data analysis were used to verify the 
existence of a true acceleration and to assure that failures 
had not been created that had no correlation with a bearing 
on the more typical lower stress levels. 

Data 

Table III is a tabulation of the data obtained from the 
2N3055 thermal-fatigue rating program. Fig. 5 is a graphical 
representation of the cycles-to-failure for each test group. A 
visual examination of the data indicates that devices tend to 
fail sooner on tests with large AT C and high junction 
temperatures, as expected. 
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Table III — 2N3055 Thermal-Fatigue Ratings 


Cycle Time Cycles @ 


No. of 

Power 

Heat 

T c 

AT C 

T j(max.) 


(sec.) 

Down 

Cumulative 

Catastrophic 

Devices 

(W) 

Sink 

(°C) 

(°C) 

(°C) 

On 

Off 

Period 

Cycles 

Failures 

20 

17 

H 0 

30 to 180 

150 

188.5 

100 

200 

35,952 

43,032 

1 @ 2000 hrs. 

2 @ 40,207 hrs. 

20 

17 

HO 

30 to 220 

190 

228.5 

180 

180 

30,525 

36,442 

1 @20,719 hrs. 

1 @22,185 hrs. 

1 @ 28,266 hrs. 

1 @ 34,672 hrs. 

20 

30 

H 0 

35 to 180 

145 

195 

50 

130 

52,851 

72,061 

1 @ 50,989 hrs. 

1 @60,138 hrs. 

1 @ 68,701 hrs. 

1 @69,185 hrs. 

20 

27 

HO 

40 to 165 

125 

178.5 

50 

130 

53,402 

72,479 

1 @ 11,520 hrs. 

1 @ 40,003 hrs. 

20 

30 

HO 

50 to 220 

170 

235 

50 

130 

18,698 

70,564 

1 @ 6036 hrs. 

2 @ 11,808 hrs. 

1 @ 18,703 hrs. 

1 @ 36,846 hrs. 

1 @62,616 hrs. 

20 

30 

Hi 

35 to 150 

120 

165 

100 

200 

14,702 

70,901 

1 @ 65,200 hrs. 

20 

41 

Hi 

35 to 180 

145 

200.5 

100 

200 

14,702 

41 ,668 

1 @ 449 hrs. 

1 @ 1400 hrs. 

1 @ 19,917 hrs. 

1 @25,157 hrs. 

1 @ 32,334 hrs. 

1 @ 32, 642 hrs. 

20 

27 

H2 

30 to 135 

105 

148.5 

150 

300 

12,274 

62,395 

1 @50,100 hrs. 

20 

56 

h 2 

70 to 120 

50 

148 

15 

25 

231,202 

264,675 

1 @ 8500 hrs. 


1 @ 10,480 hrs. 

1 @ 144,632 hrs. 
1 @241,379 hrs. 


Ho = Free air (30OC/W) 

Hi = 1 1 °C/W 
H2 = 6.3°C/W 

Failure Analysis 

The basic failure analysis procedure for all failing devices was 
as follows: 

1. Electrical test 

2. Leak test (Helium and freon bubble) 

3. Gas Analysis (Mass spectrometer) 

4. Decap unit 

5. Electrical test 


6. Visual inspection 

7. Remove silicone conformal coating 

8. Retest electrically 

9. Remove solder 

10. Cross section 

11. Check pellet-to-header bond 

12. Photograph results 
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Fig. 4— Theoretical rating chart. 


TEST SEQUENCED IN 
DESCENDING ORDER OF ATc 


TFR-71-3 17W Tc = 30 to 220 C 
\Tr = 190C Tj = 230 C 

V" 


1 

x -NO ANALYSIS TO DATE 

TFR 71-4 30W Tc = 50 to 220 C 

\ 

S Cl\ x A 

O - REGION I FAILURES 

□ - " n 

TFR-71-7 41W Tc = 35to180 C 0 

° \ 

□ A* 



TFR 71 5 30W Tc = 35 to 180 C 
• Tc = 145 C Tj = 190 C 

\ 

\ ^Ax 



TFR-71-2 17W Tc * 30 to 180 C 

O 

y \ 



TFR 71-6 27W Tc = 40to165 C 

Tc = 125 C Tj = 178 C 


\ A 



— 

F 

TFR 71-8 30W Tc = 35to150 C 
iTc - 120 C Tj = 165 C 

GION I 

AILURES 

\ REGION II \ 

\ CRACKED A 
\ PELLETS \ 

REGION HI 

EMITTER, BASE OPE 

... 

4S 

TFR-71-9 27W T C = 30to135 C 

ITc = 105 C Tj = 150 C 





TFR-71-10 56W T C = 70to120 C 

ITc -50 C Tj - 150 C 

1 1 1 1 1 — 

o 

3 \. ^ 

V / , 



NUMBER OF CYCLES 


Fig. 5- Graphical representation of the cycles-to-failure number for various test groups. 


Three basic types of failures were found in the analysis of 
failing devices using this procedure. These types were 
categorized as follows: 

1. Non-controlled-solder-process* failures. Region I 

2. Cracked pellets in Region II 

3. Open emitter and base contacts (solder fracture) and 
nickel delamination on both collector and emitter-base 
side of pellet, Region III 


*The controlled solder process is a proprietary process 
developed by RCA. 


Corrective action has eliminated failures in Region I; such 
failures will not be discussed further. Figs. 6 and 7 illustrate 
the types of failures encountered in Regions II and III. 

The cracked-pellet failures presented the problem of 
determining whether the silicon chip was cracked during 
assembly or as the result of thermal stresses. Analysis 
indicated that the cracks occur at points where high pressure 
is applied during assembly or where pellets are located over a 
solder void. Such failures are not expected to occur in 
devices using the controlled-solder-process solder system 
where the total strain of the system is taken up by the solder. 

The third category of failures, open emitter and base 
contacts and pellet lifting, occurs very late in the cycle life of 
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the device and is probably the only real wearout mechanism 
encountered in the test program. The interfaces between the 
emitter, base, and collector contacts consisting of nickel- 
lead/tin materials expand and contract at different rates 
during thermal cycling, and, consequently, strain occurs. 
Because of the difference in the coefficients of expansion of 
these materials, an appreciable amount of shearing takes 
place and causes fatigue failure at the contact point. 

Curve Fitting — Predictive Model 

In determining the number N(y) of cycles to first failure, 
it is assumed that a function exists and that the form of the 
function depends upon the measurable variables, as follows: 

N (y) = f (AT C , Power, Tj( max .),Cycle Time 0h- s ) 



CRACK 


Fig. 6— Pellet showing failure as the result of a crack. 


Fig. 7— Pellet showing failure as the result of an open base. 


Regression analysis techniques are used to minimize the 
estimation error; the method of least squares is employed for 
multiple regression, i.e. 

n /\ 

S= £( N i- N i ) 2 
i= 1 

/\ 

is minimized; Nj is the actual value of failing cycles and Nj is the 
calculated value of cycles. 

Because a functional exponential model exists from the 
previous theory and because the experimental data imply 
that an exponential model should be fitted by the regression 
equation, the following relation is postulated: 

N(y) = exp / C 1‘ * Tc+C 2 AT j( max.) + C 3 P D + C A-s‘r + -or) 

vhere AT C is the case-temperature swing, Tj( maX- )is the 
maximum junction temperature, t r is the ratio of “on” time 
t on to “off’ time t 0 ff y Pd is the applied power, 0h-s is the 
thermal resistance of the heat sink, and error is approximately 
normal (0, a2) 

The coefficients of this equation should be highly 
correlated so that prediction will be restricted to the space 
from which the data were derived. The correlation matrix. 
Table IV, shows that the “independent” variables are highly 
correlated. This correlation illustrates the problem of 
designing the experiment in the classical manner, as 
mentioned in an earlier section. 


Table IV — Correlation Matrix 


N 

ATj 

Tj(max.) p ^h-s 

x t r 

N 1 

-0.89 

-0.74 0.688 

-0.52 


1 

-0.928 -0.66 

0.724 

Tj(max.) 


1 -0.42 

0.702 

P 


1 

-0.72 


0h-sxt r 1 


Table V shows the data used in the regression analysis. 
No Region I failures are used in the regression analysis since 
they have been eliminated on future product through 
corrective action. 

Following modified step-wise regression procedures, the 
equation that best fits the data is Y = 724e"02ATj, where 
ATj = AT C + Pd (0j-c). Because the present data are limited, 
especially between the AT C range of 50 and 125°C, further 
data and more analyses may result in slight modifications of 
this equation. Fig. 8 is a plot of the data and equation. 
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Table V — Data Used in the Regression Analysis 


Power 

(W) 

ATj 

(°C) 

AT C 

(OC) 

Tjmax. 

(OC) 

t r 

0h-s * t r 
(OC/W) 

Y (First Failure Kc) 

17 

158.5 

150 

188 

122.05 
200 Ub 

15 

40,207 

17 

198.5 

190 

230 

II 

olo 

OOJOO 

15 

20,719 

30 

160 

145 

195 

if = 0375 

11.2 

50,989 

27 

138.5 

125 

178 

ii=°- 375 

11.2 

40,003 

30 

185 

170 

235 

ifr 0 - 375 

11.2 

6,036 

30 

135 

120 

165 


5.5 

65,200 

41 

165.5 

145 

200 

NJ -* 

O O 

olo 

II 

o 

CXI 

5.5 

19,917 

27 

118.5 

105 

150 

150 

— — = 0 5 
300 

3.15 

50,100 

56 

78.0 

50 

150 

1 = 0, 

3.8 

144,632 



CHANGE INJUNCTION TEMP (ATj) — °C 

Fig. 8— Plot of change in junction temperature as a function 
of number of cycles. 

CONCLUSIONS 

There are a variety of causes for thermal-fatigue failures. 
Region I failures were completely corrected by the con- 
trolled solder process. Region II cracked-pellet failures are a 
function of mounting techniques and process control. Region 
III failures represent a wearout mechanism which occurs well 
beyond the normal use of the device. 

Empirical determination of thermal-cycling capability is a 
long and difficult process requiring specialized equipment 


and techniques. At present, the prime factor affecting 
thermal-cycling capability is change injunction temperature, 
ATj = AT C + (Pd x 0j. c ). The RCA-2N3055 power transistor 
has demonstrated a thermal-fatigue capability far in excess of 
theoretically postulated values published in the thermal- 
fatigue rating chart. 
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A Test Set for Nondestructive 
Safe-Area Measurements Under 
High-Voltage, High-Current Conditions 

R. B. Jarl and R. Kumbatovic 


Techniques for determining the safe operating area of power 
transistors at moderate voltages, currents, and dc conditions 
have been available for some time. Circuitry for accomplishing 
this task nondestructively has also been available. A more 
difficult task has been to test devices nondestructively at high 
voltage/ampere products under pulsed and repetitive-pulsed 
conditions which more closely simulate the electrical 
environment in an actual equipment. The usual method has 
been to use a statistically significant sample and to test the 
devices to destruction to produce a rating curve. Then, by 
comparing the point of failure of the sampled units to the 
results of the dc tests, the pulse rating of the units is correlated 
to the dc tests. Because this procedure is obviously rather 
imprecise, users needing devices with high levels of reliability 
frequently require that devices be 100-per-cent tested to 
specific voltage, current, time, and duty-cycle conditions. This 
testing may be performed in a '‘sudden death” circuit where 



H-1804 

Fig. 1— Interior and control panel of test equipment. 

(See Fig. 9, page 7, for enlarged photograph.) 


inadequate units are destroyed. However, this situation is 
unsatisfactory, both analytically and economically. 

This Note describes a test equipment designed to perform 
the tests described above, for the most part, nondestructively. 
A photograph of the interior of the equipment and the control 
panel is shown in Fig. 1 ; an enlargement of this photograph is 
shown in Fig. 9, page 7. The equipment has a current range of 
200 milliamperes to 20 amperes, a voltage range of 10 volts to 
350 volts, a pulse width of 10 microseconds to two seconds, 
and a pulse repetition rate limited only by external equipment 
restrictions. 

System Philosophy 

As shown in the block diagram of Fig. 2, the transistor 
under test, TUT, is connected in a common-base configuration 
modified by a series base diode. V(x is applied, and the TUT 
emitter is then driven by a constant-current source which is 



92CS-2I942 

Fig. 2— Block diagram of test equipment. 
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driven, in turn, by a large-signal pulse generator, such as an 
HP214A, or a mercury-wetted relay pulser. Voltage at the 
TUT emitter is monitored by a sensing network and a 
high-speed, bistable flip-flop. The collector of the TUT is tied 
to a Vcc supply appropriately filtered for 
high-current/fast-rise-time loads. 

A device failure is observed as a sudden increase in voltage 
at the emitter of the TUT, which normally holds at a voltage, 
below ground, equivalent to twice the drop across the series 
base diode. A +3-volt, 50-nanosecond change is sufficient to 
switch the state of the flip-flop. The flip-flop then turns on a 
crowbar circuit which shorts out the voltage drive to the 
emitter current source. When the emitter current becomes less 
than the collector current, the series base diode becomes 
back-biased and opens the base -collector loop. The total 
shutdown procedure takes less than 0.5 microseconds. 

System Design 

The system is made up of seven “building blocks”: 

1 . The Vcc power supply and filters 

2. The Vgg power supply and filters 

3. The pulse-timing block 

4. The emitter-current-source block 


5. The sense-gate, failure-detection, crowbar, and fail-light 
block 

6. The TUT socketing and metering block 

7. The relay-sequencing block 

These circuits are shown interconnected in the system 
schematic diagram of Fig. 3. Fig. 4 shows the schematic 
diagram for the zero-to-20-volt drive power supply, VbB- 

The Vcc supply must have adequate current capability to 
cover the intended spectrum of pulse widths and duty cycles. 
Its voltage regulation must be such that any spiking caused by 
stepped changes in load can be absorbed by reasonable 
filtering on the TUT test chassis. The filtering arrangement 
shown in Fig. 3 is adequate for the design current of 20 
amperes. Whenever fast rise and fall times are a factor, Mylar 1 
or the best quality paper capacitors must be used to 
supplement the electrolytic capacitors. The filter capacitors 
must be chosen to act in the same manner as a storage battery 
for a length of time sufficient for the Vcc supply to recover 
from the load change. 

The same comments apply to the -14-volt Vee supply, 
which must not only provide the power for the 


Trademark of E. I. duPont de Nemours & Co., Inc. 



Fig. 3— Schematic diagram of main test chassis (parts list on pages 6 and 8). 
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Fig. 4— Schematic diagram of zero-to-20-volt, drive power-supply, Vqq 
( parts list on page 8). 


constant-current supply, but must also operate the relay 
system, the panel lights, and the failure-detection circuitry. 

The pulse-timing block, shown in detail in Fig. 5, consists of 
an HP214A pulse generator, a mercury-wetted-relay pulse 
timer, a small zero-to-20-volt power supply, and a selector 
switch. The HP generator is used for single or multiple pulse 
testing where the pulse widths are 10 milliseconds or less. 

To accomodate the design current of 20 amperes, the 
current source consists of eight 2N5240 transistors, Qi 
through Qn, with bases and collectors in parallel and with the . 
emitters connected through 4-ohm ballasting resistors R.2 
through Rn. The 2N5240 was chosen for its high voltage 
breakdown, fast fall time, and good current-handling 
characteristics. 

To achieve the wide current range desired, a current-source 
selector switch is used which, by means of relays, either adds 
or subtracts current-source drivers to fit the requirements of 
the desired test. Fig. 6 shows this arrangement. Each driver can 
provide 2.5 amperes to the load. Hence, referring to the top of 
the circuit diagram of Fig. 3 and to Fig. 6: 

For 0.2 A to 2.5 A use CS1 only 

For 2.0 A to 7.5 A use CS1 and CS2 

For 6.0 A to 12.5 A use CS1, CS2, and CS3 

For 8 A to 20 A use CS1 , CS2, CS3, and CS4 

The sensing circuit monitors the voltage at the emitter of 
the TUT. The existence of a positive-going pulse of 3 volts for 
a minimum of 50 nanoseconds is sufficient to trip the flip-flop 
(Q5 and Q6). The sense line must be gated so that the emitter 
of the TUT is sensed only during the power pulse. The gate is 
made up of Q3 and Q4, and is actuated through an RC 
combination (R9,C9) from the base of the current source. 


The gate is necessary to prevent turn-off transients from 
falsely firing the flip-flop. The turn-off transient comes from 
the sweep-out current of the disconnect diode, D], and the 
stored charge in the TUT. The sense-line coupling capacitor, 
C8, is paralleled by a 20,000-ohm bleeder resistor, Rs, which 
assures that the 0.05-microfarad capacitor, Cg, is discharged 
between test periods; Rs also provides direct coupling to the 
flip-flop if the failure of the TUT is of a gradual nature, in 
which case the 0.05-capacitor, Cs, would be insufficient. The 
flip-flop drives the crowbar transistor, Qj, which, when 
triggered, shorts out the current-source drive to the -14-volt 
supply, thus shutting off the power to the TUT emitter. The 
series-base diode, D], disconnects the base of the TUT within 
100 nanoseconds after the emitter current of the TUT falls 
below its collector current. 

The previous paragraph states that power is shut off to the 
EMITTER of the TUT. The series base diode effects the 
disconnection of the collector power to the TUT. The 
selection of the proper diode for this function is critical. It 
must have a reverse recovery time that is comparable to the 
shutdown time of the flip-flop “crowbar” current-source 
combination. However, it must have a breakdown voltage 
greater than the highest-rated test voltage of the equipment. 
R7 is a 0.1 -ohm, non-inductive, precision resistor used in the 
observation and setting of the current in the collector loop. 

The TUT socketing block is arranged to accommodate, on 
banana plugs spaced three-quarters of an inch apart, both the 
six-pin, Kelvin, heavy-duty sockets used for production work 
and the Tektronix 1 sockets. This arrangement offers some 
interesting possibilities, such as testing of the I s /b capability of 
paired devices. The banana plugs also provide external access 
for the application of base-emitter terminations, such as RfjE 

trademark of Tektronix, Inc. 
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Fig. 5— Schematic diagram of pulse-timing-block components 
(parts list on page 8). 


and V£B- R5 and R.6 are connected directly to the emitter 
terminals, and Di is connected directly to the base terminal. 

The sequencing relay circuit, Fig. 7, is arranged so that the 
sequence of switching events shown below occurs when the 
Start button is depressed at the initiation of a test: 


1. Si closes, applies Vcc to the TUT, and lights the Start 
light. 

2. S2 closes momentarily and resets the flip-flop. 

3. S3 closes and connects the pulse source to the current 
drivers. 




92CS-21 94 6 



Fig. 6— Relay circuit for current-source selection. 


Fig. 7— Sequencing-relay circuit (parts list on page 8). 
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The sequence at the end of the test when the Stop button is 
depressed is as follows: 

1 . S3 opens and disconnects the pulse drive. 

2. Si opens and removes Vcc> and the Start light goes out. 


Construction 

Lead dress is not critical; however, there are some wiring 
restrictions that must be strictly observed: 

1. Low-level signals and high-level signals must not be 
carried in the same wires. 

a. The -14 volts for the flip-flop and gates must be 
carried on a separate bus which joins the -14-volt 
supply at the RI - RN bussing point. 

b. The common line for the flip-flop and gates must be a 
separate line and must meet the system common only 
at the indicated ground point. 

c. The sense line must connect directly to the emitter 
jack of the TUT socket. 

d. The pulse-gate drive line must connect through a 
separate wire to the bases of the current source. 

e. The collector of the crowbar transistor, Q7, must 
connect through its own wire to the bases of the 
current source. 

f. The disconnect diode, Di, must be connected directly 
to the base jack of the TUT socket, and its anode 
return must be carried on a separate wire to the 
ground bus. 

g. The Ie and Iq lines are lengths of RG14 coaxial cable 
with shields tied to the ground bus at the TUT end. 

2. Current-source and protection-circuit filtering functions 
for the -14-volt supply must be separated and located on 
appropriate sub-assemblies. 

3. Multiple capacitors are used for two reasons: 

a. To minimize copper losses (IR drops) through leads 
and foil; 

b. To achieve complete bypassing and regulation 
regardless of pulse rise time or duration. 

4. Mylar 1 capacitors are used wherever possible because of 
their higher Q and smaller size. 


EXPLANATION OF CONTROLS 
AND ACCESS CONNECTIONS 


Explanation of controls shown in Figs. 1 and 9: 


AC On-Off 
Cue Pulse 


Ext.-Int. 


IC Monitor 


- Operates main contactor to provide 
power for entire system. 

— Provides trigger pulse to external pulse 
generator when TEST button is pressed. 

— Selects either internal mercury-relay 
timer or external pulse generator. 

- Connects to vertical input of monitoring 
oscilloscope from 0.1-ohm, 
collector-current sensing resistor. 


1 Trademark of E. I. duPont de Nemours & Co., Inc. 


Pulse Width 
IC Adjust 


Sync. 

Ready 


Test 

Stop 


Ext. Pulse 

Current Source 
Selector 
(Top middle of 
control panel) 


- Sets the width of the desired test pulse on 
the internal timer. . 

- This control is used only with the internal 
mercury relay timer. It adjusts the voltage 
drive to the emitter current source. 

- Provides sync pulse to monitoring 
oscilloscope. 

- Activates the sequencing relays and 
applies collector voltage to the TUT, 
resets the failure-detection circuit, and 
connects the pulse drive circuits to the 
current source. 

- Activates the internal timer or provides a 
cue pulse to the external pulse generator. 

- De-energizes the sequencing relays and 
disconnects the pulse source and the 
collector voltage. 

- Receives drive pulse from external pulse 
generator. 

- Switches in additional current sources 
CS2 through CS4. 


OPERATION 

Operation at DC to 25 Milliseconds 

The interconnection of the test equipment with the external 
units, the pulse generator and oscilloscope, is shown in Fig. 8. 



92CS- 21948 

Fig. 8— Test-set interconnections. 


The recommended sequence of operation is as follows: 

1. Turn all supplies on. 

2. Set Ext. - Int. switch to INT. 

3. Set Pulse Width switch to 50 milliseconds. 
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4. Set Vcc at 10 volts. 

5. Set sweep rate on oscilloscope to 1 0 ms/div/ext/ + 
sync. 

6. Set oscilloscope sensitivity to dc 0.1 V/div. 

7. Turn IC Adjust full counter-clockwise. 

8. Set Current-Source Selector switch to desired range. 

9. Insert a device into the test socket. 

10. Push Ready button; green start light will flash. 

1 1 . Push Test button; yellow test light will flash. 

12. Adjust sync controls on oscilloscope to obtain a single 
trace each time Test button is pushed. 

13. Turn IC-Adjust control clockwise to obtain negative 
vertical deflection indicative of desired test current (in 
this case, 1 division per ampere); for higher currents, 
change vertical sensitivity to 0.2 or 0.5 V/div. as 
needed. 

14. Switch Pulse Width to that which is required. Change 

• sweep rate on oscilloscope as well. 

15.. Set Vcc at desired test voltage. 

16. Push Stop button. Remove set-up device. 

17. Insert device to be tested. 

18. Push Ready. 

19. Push Test; observe current trace on oscilloscope. 

20. Push Stop and remove units. 

21 . If a unit fails the test, the red fail light will turn on. 

22. The fail circuit and light will reset the next time the 
Ready button is pushed. 

23. The failure-detection circuits may be checked at any 
time by switching the current-source switch to the next 
lower range. This action will produce a false failure 
signal which will trip the protection circuit. Be sure to 
return the switch to its original position after the test. 


Operation at 25 Milliseconds 

and Less 

1 . Turn all supplies on. 

2. Set Ext.-Int. to Ext. This connects the external pulse 
generator to the test equipment. 

3. Set Vcc at 10 volts. 

4. Set sweep rate on oscilloscope to range of interest. 

5. Set oscilloscope sensitivity to dc 0.1 V/div. 

6. Set trigger selector on external generator to ext. Turn 
pulse amplitude controls to minimum. 

7. Set Current-Source Selector switch to desired range. 

8. Insert a device into the test socket. 

9. Push Ready button; green start light will flash. 

10. Push Test button. Adjust synchronizing controls on 
oscilloscope to give a single trace each time Test button 
is pushed. 

1 1 . Adjust pulse-amplitude control on generator to secure a 
usable vertical deflection while repeatedly pushing Test 
button. Then adjust Pulse-Width control to obtain 
desired current. 

12. Re-adjust pulse-amplitude control to obtain desired 
current. 

13. Set desired Vcc • 

14. Push Stop. Remove set-up device. 

15. Insert device to be tested. 

16. Push Ready. 

17. Push Test. 

18. Push Stop. 

The remainder of the procedure is identical to that followed 
for operation at dc to 25 milliseconds. 


MAIN-TEST-CHASSIS PARTS LIST (Fig. 3) 


C-| = 1000 microfarads, 60 volts, pulse-coupling capacitor 

C2 - 3 microfarads, 600 volts, paper or Mylar 

C3, C4 = 860 microfarads, 450 volts, electrolytic 

C5 = 10 microfarads, 200 volts. Mylar 

Cg, C7 = 2000 microfarads, 50 volts, electrolytic 

C15 - C17 = 0.05 microfarad, 200 volts. Mylar 

R-| = 15 ohms, 2 watts, carbon 

R2 ■ 100 ohms, 2 watts, carbon 

R3, R4 - R|S| = 4 ohms, 6 watts, clusters of three 12-ohm, 2-watt 
carbon resistors 
R5 = 0.1 kilohm, 1 watt 
R6 = 8 kilohms, 1 watt 

R7 = 0.1 ohm, non-inductive, 20 watts, with Kelvin connections 

R25 = 250 kilohms, 2 watts 

R26 “ 8 kilohms, 50 watts, wire-wound 

R 27 = 1 kilohm, 1 watt 

Q-|, Q2, Q|M = transistor, type 2N5240 

Jl = current -monitoring jack, BNC female 

R 3 q = 200 ohms, 2 watts 

Cfs = .01 microfarad, 80 volts. Mylar or paper 


L3 = failure-indicator lamp, 14 volts, 80 milliamperes 
D-j = base-disconnect diode, GEA28D or TRWPD2708 
S-j = collector-current relay, 2 Potter and Brumfield 
KA14DY, paralleled 

52 = flip-flop reset relay. Potter and Brumfield 

KHP 17D11, 12-volt coil 

53 = pulse-source relay. Potter and Brumfield 

KHP 17D11, 12-volt coil 

s 4 - S6 - current-source range relays. Potter and Brumfield 
KHP 17D11, 12-volt coil 
SWi = test switch 
SW2 = pulse-source selector switch 
SW3 = Ready switch 
SW4 = current-source selector switch 

Vcc = 0-125 volt, 25-ampere power supply or 0-400 volt, 2-ampere 
power supply 

V EE “ 14-volt, 15-ampere power supply 

Vbb = 9-20-volt, 2-ampere, variable power supply 

d 13’ d 14 = RCA 02601 M diodes 
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Fig. 9 — Interior and control panel of test equipment. 
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FAILURE-DETECTION AND CROWBAR-ASSEMBLY PARTS LIST (Fig. 3) 


Cg = .01 microfarad, 200 volts. Mylar 

Cg = 0.05 microfarad, 400 volts, Mylar 

Cg, C-|o = 0.005 microfarad, 200 volts. Mylar 

C-n, C -|2 ~ 50 microfarads, 50 volts, electrolytic 

Ci 3 = 1 microfarad, 200 volts. Mylar or paper 

Ci 4 = 0.1 microfarad, 200 volts. Mylar or paper 

C 15 = 25 microfarads, 25 volts, electrolytic 

C -|6 = 500 picofarads, 200 volts, ceramic 

Rg = 20 kilohms, 1 watt 

R g = 750 ohms, 'A watt 

R 10 = 10 kilohms, A watt 

R -|1 = 5 kilohms, 20 watts, (two 10-kilohm, 10-watt, wire-v 
in parallel) 

Rl 2 , R 14 - R-J 6 = 5-5 kilohm, 1 watt 


R -|3 = 0.1 kilohm, 2 watts 
R-J 7 = 10 kilohms, 'A watt 
Rig = 2.5 kilohms, 'A watt 
Rig = 250 kilohms, 'A watt 
R20. F*21 = 5.1 kilohm, 1 watt 

R 22 = 73 ohms,(three 220 -ohm, 2 -watt, in parallel) 

R 23 = 22 ohms, 2 watts 

R 24 = 1 kilohm, 1 watt 

D 2 - D 12 = diode, type 1N914A 

Q 3 = transistor, type 2N3261 

Q 4 - Qg, Qg = transistor, type 2N5262 

Q 7 = transistor type 2N3878 

R 29 = 47 ohms » H watt 

R 2 g = 470 kilohms, 'A watt 


ZERO-to-20 VOLT DRIVE POWER-SUPPLY PARTS LIST (Fig. 4) 


Rl = two 1 . 2 -ohm, 2 -watt, wire-wound resistors in parallel 

R 2 = 6.8 kilohms, 'A watt 

R 3 = 10 kilohms, 'A watt 

R 4 = 220 ohms, 'A watt 

R 5 = trimpot, 5 kilohms, 'A watt 

Rg = potentiometer, 5 kilohms, 2 watts 

R 7 = trimpot, 5 kilohms, % watt 

Rg = 470 ohms, 'A watt 

Rg = 220 ohms, 'A watt 

Ci = 2000 microfarads, 50 volts, electrolytic 

C 2 = 0.01 microfarad, 100 volts, ceramic 

C 3 = 500 microfarads, 50 volts, electrolytic 

C 4 = 1 microfarad, 100 volts. Mylar"* 

C 5 = 50 microfarads, 25 volts, electrolytic 


Cg = 100 microfarads, 25 volts, electrolytic 
C 7 = 500 microfarads, 25 volts, electrolytic 
Cg = 500 microfarads, 25 volts, electrolytic 
Cg = 5 microfarads, 50 volts, electrolytic 

Di - D 4 = 6 -ampere bridge assembly, Varo VH247 or equivalent 
D 5 - Dg = 2-ampere bridge assembly, Varo VS247 or equivalent 
Dg = zener, 6.8 volts, 1 watt 
Dio = zener, 12 volts, 1 watt 
Du = diode, type 1N1206 
Ql = transistor, type 2N2102 
Q 2 = transistor, type 2N2102 
Q 3 = transistor, type 2N3772 

Ti = transformer: 117-volts primary - 25.2-volt, 2.8-ampere secondary 
T 2 = transformer: 117-volt primary - 16.6 volt, 0.3-ampere secondary 


PULSE-TIMING-BLOCK PARTS LIST (Fig. 5) 


Rl = 820 ohms, 'A watt 
R 2 = 2.2 megohms, 'A watt 
R 3 = 2 kilohms 

R 4 - Rg = trimpots, 50 kilohms, % watt; Bourns 200P-1-503 
or equivalent 
Rg = 100 ohms 
RlO = 47 ohms, 1 watt 
Rll = 270 ohms, 'A watt 
Ci = 0.01 microfarad, 80 volts, PACER 

C 2 = 5 microfarads, 50 volts, tantalum; Mallory CL65BJ050KPE 
C 3 = 22 microfarads, 25 volts, tantalum; Mallory CL65BG220KPE 
C 4 = 68 microfarads, 30 volts, tantalum; Mallory CL65BH681 KPE 
C 5 , Cg = 100 microfarads, 25 volts, tantalum; 

Mallory CL65BG101 KPE 


C 7 = 100 microfarads, 25 volts, electrolytic 

Cg = 10 microfarads, 25 volts, electrolytic 

Cg = 25 microfarads, 25 volts, electrolytic 

C 10 = 1 microfarad, 100 volts. Mylar 

C 11 = 0.1 microfarad, 100 volts, ceramic 

Di - D 5 = diode, type 1N5395 

Dg = zener, type 1N4734A, 5.6 volts, 1 watt 

Ql, Q 2 = transistor, type 2N5320 

ICi = integrated circuit, typeSN74121N (Signetics) 

Ki = mercury relay. Potter and Brumfield JM11211 or equivalent 
Li = lamp. No. 382; 14 volts, 0.08 amperes 

S 7A« S 7B = wafer switches, 2-pole, 5-position (matching contacts 

tied together to make each wafer a single-pole 5-position 
switch) 


SEQUENCING-RELAY-CIRCUIT PARTS LIST (Fig. 7) 


51 = collector power relay 

5 2 - flip-flop reset relay — See Main Test Chassis parts list, page 6 

5 3 = current -source drive relay 

SW 3 = Ready switch, normally open, push button 
SW 5 = Stop switch, normally closed, push button 
Rl , R 2 = 50 ohms, 2 watts 


R 3 = 120 ohms, 1 watt 

Ci = 0.5 microfarad, 200 volts 

C 2 = 250 microfarads, 50 volts 

C 3 = 100 microfarads, 50 volts 

L 2 = ready lamp, 80 milliamperes, 14 volts 
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Silicon Power Transistors 

by L. J. Gallace 


This Application Note discusses the methods used to test 
the thermal-cycling capability of power transistors. A brief 
description of thermal fatigue, application requirements, and 
rating charts is given. A detailed discussion of the practical 
design of thermal-cycling racks is also included along with 
actual test conditions for various power-transistor types. 
Acceleration factors, failure indicators, failure mechanisms, 
and real-time control of thermal-cycling capability of factory 
product are discussed. Some information is also given on 
hermetic versus plastic-package thermal-cycling reliability. 

In silicon power-transistor applications, thermal cycling of 
transistors may activate a failure mechanism called thermal 
fatigue. This phenomenon is caused by the mechanical stresses 
set up by the differentials in thermal expansion of the various 
materials used in the transistor assembly and heat sink. 
Thermal fatigue often causes the silicon pellet to crack or to 
fail at the silicon/mounting interface. 

The number of cycles to failure in terms of device 
characteristics and operating conditions has been expressed as: 

(ai - a2) AT L 

N = Ae 

where A and i Pq are constants for a given power structure, 
(ai - a2) is the difference in thermal expansion between the 
silicon die and the material on which it is mounted, AT is the 
change in temperature at the interface between the silicon chip 
and the material to which it is mounted, and L is the 
maximum dimension of the silicon chip. 

APPLICATION REQUIREMENTS 

Table I shows typical applications of power transistors and 
the number of cycles or cycle life required of transistors used 
in equipment in each application to allow the equipment to 
fulfill its life expectancy. The importance of cycle life can be 
shown by examining the following simple expression of the 
failure-rate equation, which characterizes device failure rates: 

X = X T 7TQ TT£ 7T L 7Tp + X AT( . 


where 


X = failure rate 

Xj = base failure rate due to temperature 
(Arrenhius) 

7Tq = ^quality factor 

tt£ = environmental factor 

7 = learning curve 

7rp = package factor 

X^t c = change in case temperature 


Table I reflects the increasing demand for more 
thermal-cycle-life capability from equipment manufacturers 
because of their lengthening warranty periods. This 
lengthening of warranty period has greatly increased the 
demand on power-transistor manufacturers to test and ensure 
product capability over a longer period of time. RCA has 
developed a rating chart. Fig. 1 , that relates the 
thermal-cycling capability of silicon power transistors to total 
device dissipation and the change in case temperature. A 
circuit designer may use the rating chart to define a limiting 
value below which power dissipation and change in case 
temperature are not factors in the failure rate equation; i.e., 
within this rating chart, the failure rate for power transistors is 
independent of cycle life. This statement does not imply that 
failures will not occur; it does imply, however, that the last 
term in the failure-rate equation is small enough to be 
insignificant. Since the change in case temperature is a major 
consideration in many applications, product with superior 
capability in this parameter will produce lower field-failure 
rates. 


FAILURE ANALYSIS 

Soft-Solder Devices 

In soft-solder devices, the metal interfaces between the 
emitter, base, and collector contacts consist of nickel-lead-tin 
metals which expand and contract at different rates during 
thermal cycling, and, consequently, strain occurs. Because of 
the difference in coefficients of expansion of these materials, 
an appreciable amount of shearing takes place that causes 
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TABLE I - THERMAL-CYCLING REQUIREMENTS FOR TYPICAL APPLICATIONS 
OF POWER TRANSISTORS 


MINIMUM 

EQUIPMENT TYPICAL THERMAL 
LIFE CYCLING-RATING 


APPLICATION 

CIRCUIT 

PT 

(W) 

ATc 

(°C) 

REQUIRED 

(YEARS) 

REQUIRED 

(CYCLES) 

Auto radio 

Class A 

8 

75 

5 

5,000 

Audio output 

Class AB 

2 

45 

5 

5,000 

Power supply 

Series regulator 
Switching 

50 

65 

5 

10,000 


regulator 

15 

65 

5 

10,000 

Hi-Fi audio 

Class AB 

35 

50 

5 

5,000 

amplifier 

Computer power 

Series regulator 

50 

65 

10 

10,000 

supply 

Computer peri- 

Solenoid driver 

5 

5 

10 

1.3 x 108 

pheral equip. 

Television 

Vertical output 

10 

75 

5 

7,500 


Audio output 

8 

75 

5 

7,500 

Sonar 

Linear amplifier 

100 

55 

10 

144 x 103 

modulator 



Fig. 1 — Thermal-cycling rating chart for an RCA hermetic power 
transistor. ’ 


fatigue failure at the contact point. The longer the stress 
continues, the more the solder moves to relieve the stress. If 
the movement continues long enough, the joints will rupture, 
and actual physical displacement of the silicon pellet will 
occur; this displacement, is called pellet “walk.” Linear 
movements of as much as 20 mils have occurred. 

Hard Solder 

The predominant failure mechanism in hard-solder devices is 
failure in the silicon crystal. Since no plastic flow occurs in 
hard solder, invariably the silicon must take up some of the 


strain in the system. Cracks in the silicon, generally under the 
bonding-wire area, are the most common failure mechanism. 

PRACTICAL TESTING 

Although analytical techniques have been most helpful in 
developing an understanding of thermal cycling as a failure 
producer, testing, the experimental approach, must still be 
used to determine the ultimate thermal-cycling capability of a 
power transistor. 
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Fig. 2 is a schematic diagram of the basic test circuit. 
Depending on the frequency response of the transistor to be 
tested, this circuit is modified to avoid parasitic oscillation. 
Modification generally takes the form of capacitors, usually 
connected collector-to-emitter, or ferrite beads on the emitter 
and base leads. 



Fig. 2— Test circuit. 

Fig. 3 is a photograph of a typical test rack without the 
associated power supplies. The Appendix contains a complete 
parts list and mechanical layout for this thermal-cycling rack. 
In addition, the Appendix shows a layout and parts lists for 
sockets that accommodate both TO-220 VERSAWATT 
(plastic) and TO-3 hermetic transistors. 





Fig. 3— Test rack used in thermal-fatigue testing. 

The design of the test rack stresses simplicity and universal 
use. By interchanging sockets, 40 devices including almost all 
power-transistor types can be tested. Eight fans are used to 
cool the devices on the off cycle. Most tests can be conducted 
under free-air conditions; however, if heat sinks are used, 
power levels up to 56 watts per socket can be handled. 

Under these higher-power conditions, a temperature 
gradient will exist across the rack with the highest temperature 


at the center. A simple method to compensate for this gradient 
is to increase the size of the heat sink on the sockets as the 
distance from the fans increases. 

Mechanical timers are used to control the on-off cycle time. 
For very fast cycle time (40 seconds or less), high-torque 
motors are recommended for longer timer life. Solid-state 
timers have also been used. 

A thermocouple is used to monitor the cycle temperature 
continuously. For more important tests, when equipment 
failure cannot be tolerated, over-temperature controls set 
5 to 10°C above the maximum temperatures of the test are 
used. When activated, the control will open the base drive 
circuit and keep it open until manually reset. This method 
may also be used to cycle the tests on and off, but the cost is 
higher than when mechanical timers are used. 

Jacks are provided on the front panel of the rack for 
monitoring emitter current. The light bulb connected across 
the emitter resistor is a visual aid to help detect intermittent 
emitter-base contacts. The number of test cycles is 
automatically recorded on a counter. 

Since thermal cycling of power transistors requires 
high-current power supplies (50 to 100 amperes), 
consideration must be given to thermal-fatigue-induced 
power-supply failures. If 50-per-cent duty cycles are used, then 
switching can be arranged so that there is a constant load on 
the power supply. For duty cycles other than 50 per cent, 
resistive loads can be switched in during the transistor off 
cycle. Multiple timers driven from the same motor can be used 
to service up to three racks from one collector power supply 
when more than one rack uses the same cycle time. 

TEST CONDITIONS 

A thermal-fatigue test is basically a cyclical, operating-life 
test. For room-ambient testing, the important test parameters 
are: 

Pd, collector dissipation; 

AT C , change in case temperature; 

ATj, change in junction temperature; 

Tjmax, maximum junction temperature; 

0j c , junction-to-case thermal resistance; and cycle time. 

In empirically determining the power-cycling capability of a 
power transistor, it was found that the single most important 
parameter was ATj. Although Tj m ax and cycle time were also 
significant factors, it was shown that most of the predictive 
methods and acceleration factors could be based on ATj; 70 
per cent of the experimental data could be explained by this 
one parameter as long as the power range for ATj did not 
exceed a maximum of 3 to 1 . 

Fig. 4 shows plots of ATj as a function of 
cycles-to-first-failure on Arrenhius-type paper for a 2N3055 
transistor in a hermetic TO-3 package and a 2N5298 transistor 
in a TO-220 VERSAWATT package. The data show a “good” 
fit relatively independent of power. These curves can be used 
to predict power-cycling capability at lower ATj values with 
good accuracy. 
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Fig.4 — Change in junction temperature as a function of cycies-to- 
first-failure for a 2N3055 transistor in a hermitic TO -3 
package and a 2N5298 transistor in a TO-220 VERSAWATT 


package. 


Some recommended test conditions for evaluating product 
to the published rating curves are shown in Table II. All of the 
test conditions given can be achieved on the test rack shown in 
Fig. 3 and described in the Appendix. 

Although most failures are detected while a device is under 
operation on the thermal-cycling test racks, sufficient 
down-period readings should be recorded to indicate shifts in 
parameters that are indicators of changes in the device 
metallurgical system. The most critical parameters to record as 
variables data' are thermal resistance (junction to case), beta, 
VBE, VcE(sat), and I C EO- 


Package Differences (Hermetic vs. Plastic) 

The thermal-cycling capability of a plastic-packaged device 
is generally less than that of its hermetically packaged 
counterpart even though the maximum ratings of the devices 
are substantially different (150°C plastic, 200°C hermetic). 
This difference in capability is attributed to the condition 
which, in the plastic package, allows the emitter and base 
leads, embedded in the plastic mold, to be continually moved 
across the silicon chip during thermal cycling, thus causing 
eventual failure as a result of open contacts. Fig. 5 shows 
rating curves for the same pellet (2N3055) in both the plastic 
VERSAWATT andTO-3 hermetic packages. 


TABLE II - RECOMMENDED TEST CONDITIONS 
POWER 


PACKAGE TYPE 

(WATTS) 

T c (°C) 

ATcCC) 

^on 

toff 

HEATSINK 

TO-220 VERSAWATT 

18 

55 to 110 

55 

3 min. 

3 min. 

3° C/W 


4.75 

35 to 155 

120 

50s 

100s 

Free Air 

TO-3 Hermetic 

16 

40 to 130 

90 

50s 

100s 

Free Air 


56 

70 to 120 

50 

15s 

25s 

6.3° C/W 

TO-66 Hermetic 

8.5 

35 to 155 

120 

50s 

100s 

Free Air 

RCA "TO-5" Plastic 

1.5 

35 to 135 

100 

60s 

90s 

Free Air 

TO-5 Hermetic 

1.5 

30 to 115 

85 

60s 

90s 

Free Air 
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(a) 



92CS-I7955 

(b) 


Fig.5 — Thermal-cycling rating curves for a 2N3055 pellet in 

(a) a TO-3 hermetic package, (b) a plastic VERS AW ATT 
package (2N6103). 


There are also cases where performance of a plastic package 
may be superior to some types of hermetic-package designs. 
For example, some aluminum TO-3 packages with solder-in 
emitter-base feedthroughs have shown substantially less 
capability on thermal cycling than their plastic VERSAWATT 
counterparts. In addition, the aluminum packages that have 
been measured become nonhermetic after a relatively low 
number of thermal cycles (less than 5000). Obviously then, 
care must be exercised in the selection of power transistors to 
avoid basing the choice upon package categories as general as 
“plastic” and “hermetic.” 

Real-Time Controls (RTC) 

A major innovation in using the methods described to test 
for thermal-cycling capability is to monitor the 


thermal-cycling capability of factory product on a lot-by-lot 
basis. Essentially, real-time control, or RTC, makes a 
continuous acceptance test and interpolation of 
thermal-cycling data against some established criteria. 
Information generated internally by RTC on thermal cycling 
has unquestioned validity because conditions of tests are well 
controlled and all ambiguities have been removed. Current as 
well as historical and projected operating information is 
generated for analysis. 

The types of tests which are used in RTC are designed to 
produce information in three days for providing process 
control data. Typical examples of real-time control conditions 
are shown in Table III. 
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TABLE III - TYPICAL EXAMPLES OF REAL-TIME CONTROL CONDITIONS 



POWER 





TEST 


TYPE 

(WATTS) 

T c (°C) 

AT c (°C) 

CYCLES/DAY 

_N_ 

DURATION 

AC NO. 

TO-220 

4.75 

35 to 155 

120 

576 

40 

1700 

0 

VERSAWATT 






3000 

1 

TO-3 

56 

70 to 120 

50 

2200 

40 

4400 

0 

Hermetic 






6600 

1 
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APPENDIX 

Thermal-Cycling Test Rack Parts List 
(Figs. A1, A2, A3, A4) 


2 

Counters 

ITT General Controls 

CE600BS 602 

120 V 60 Hz 

2 

Relays 

Potter & Bromfield 

PR11AY-DPDT- 120 VAC 

40 

L- 10/20 

Mura Corp. 


Rated for 10 V 

Great Neck, N. Y. 


Lamps 

With Red Lens Cap 

8 

Fans 

IMC Magnetics Corp. 

Boxer Fan 

Model No. BS2107F 

4 

Barrier Blocks 

Three Contacts, Thru-Panel Solder Lugs 
Cinch -Jones - Series 3— 142— Y 

81 

Fuse Holders 

Little Fuse 

Type 342012 

1 

AC Line Cord 

Belden No. 17419 

9 Ft. No. 16—3 Type SJ Rubber 

4 

Switches 

SP/ST Cutler-Hammer 

No. 7580K7 

8 

Neon Lamps 

American Pamcor 

Paoli, Pa. No. 380627-2 


40 

3 Ohms - 

25 W 

Ohmite No. 0200L 


Resistors 


Style 270-25 

40 

Banana Jacks 

Red - E.FJohnson - No. 108-902 

80 

Banana Jacks 

Green - E.FJohnson - No. 108-904 

40 

Banana Jacks 

Blue - E.FJohnson - No. 108-910 

4 

Binding Posts 

Blue - E.FJohnson - No. 111-110 

2 

Binding Posts 

White - E.FJohnson - No. 1 1 1-101 

2 

Binding Posts 

Black - E.FJohnson - No. 111—103 

40 

Fuses 


4 A Littelfuse 312 004 

40 

Fuses 


Vi A Littelfuse 312 500 

2 

Fuses 


2 A Littelfuse 3 1 2 002 




Sockets 

80 

TO-3 

6/32 Screws 3/4 in. long 

80 

TO-3 

6/32 Nuts 1/4W x 3/32H 

80 

TO-3 

6/32 Nuts 1/4W x 1/2H 

80 

TO-3 

6 

Lock Washers 

40 

TO-220 

Socket Base 


Pomona Electronics Company 
Pomona, California 
Model 2095 
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APPENDIX (Cont'd) 


Sockets (Cont'd) 

40 TO-220 Sockets 

Jettron Products, Inc. 

Hanover, N. J. 

CD 74-104 

TO-220 See Assembly Drawing (Fig. A5) 
40 TO-66 Tektronix, Inc. 

No. 013-0070-01 

40 TO-3 Cover Plat,e for Pomona Socket 

See Detailed Drawing (Fig. A6) 

40 TO-3 Socket Base 

Pomona Electronics Company 
Pomona, California 
Model 2095 

40 TO-3 Socket - 

EB Y 

No. 9866-15-1 
TO-3 Heat Sink: 

Wakefield Engineering 
Delta Division 

16 TO-3 NC-631-3 (Wakefield Engineering, 

Delta Division) 


16 TO-3 NC-632-3 (Wakefield Engineering, 

Delta Division) 

8 TO-3 Fabricate — See Detailed Draw- 
ing (Figs. A6, A7) 

Cycling Control Box 

1 Timer Industrial Timer Corporation 
Parsippany, New Jersey 
MCI with Two Switches (Cycle Time: 

4 to 36 secs.) 

High-Torque Motor With A-36 Gear Rack 
(115 V- 60 Cycle) 


1 

Neon Lamp 

American Pamcor 

Paoli, Pa., No. 380627-2 

2 

Banana Jacks 

Red - E.F. Johnson - No. 108-902 

2 

Banana Jacks 

Green - E.F. Johnson - No. 108-904 

2 

Banana Jacks 

Blue - E.F. Johnson - No. 108-910 

1 

Switch 

SP/ST Cutler-Hammer 

No. 7580K7 

1 

AC Line Cord 

Belden No. 17419 

9 Ft. No. 16-3 Type SJ 

1 

Chassis 

Bud - Aluminum 

4 x 5 x 6 in. No. AU-1029 
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A Switching Regulator Using An RCA 
P-N-P Power Darlington Transistor 


by H. Palouda 


This Note describes a 20-kHz switching regulator that 
operates from a 28-volt supply and has a regulated output 
between 4 and 16 volts dc. The circuit features overload 
protection which limits the current to about 1 1 amperes. 

The control element of the switching regulator is an 
RCA8350B, a p-n-p Darlington used as a switch and driven 
directly from a CA3085, a positive voltage regulator. The 
regulator does not operate at a fixed clock frequency, but is 
free running. 


CIRCUIT CONCEPT 

The regulator circuit, shown in Fig. 1, is basically a 
step-down switching regulator. When the pass unit, Q3 (a p-n-p 
Darlington, RCA8350B), is switched on, current is charged into 
LI; when Q3 switches off, the current through LI continues 
to flow via the commutating diode, Dl. 

The dc output voltage is determined by the ratio of RIO to 
Rll, just as in a linear series regulator. Switching action is 
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accomplished by comparing a ripple voltage to a hysteresis 
voltage. The circuit switches on and off, triggered by the ripple 
of the output voltage. The voltage at pin 6 of the CA3085 
(Fig. 2) is determined by RIO and R1 1 of Fig. 1, and is 
proportional to the output voltage plus the ripple voltage at 
point A, Va, fed in by capacitor C5. This voltage is compared 
with the voltage at pin 5. The voltage at pin 5 consists of the 
built-in reference voltage of the CA3085 plus a variable 
component proportional to the voltage at point B, Vg, fed 
through R8. 



The impedance of C5 at the operating frequency 
(10-kHz minimum) must be low compared to the input 
impedance at pin 6. As shown in Fig. 3, the Darlington, 



Fig. 3 — Waveforms for normal operation of the Darlington, Q3. 


Q3, is switched on when the output voltage becomes too 
low, i.e., when the voltage at pin 6 becomes less than the 
voltage at pin 5; when this condition is reversed Q3 is 
switched off. 


Diodes D2 and D3 are added for the protection of the 
very sensitive input at pin 6. Resistors R7 and R12 and 
capacitor C3 control the drive current and improve the 
switching performance of the Darlington, Q3. 

L2 and C7 provide additional filtering and isolate point 
A from the load. Isolation is necessary from loads, 
capacitive loads, for example, which could drastically affect 
the ripple voltage at point A. Therefore, at the frequencies 
involved, L2 must have an impedance which is high 
compared to R15. L2, together with C7, serves also as a 
filter to reduce the output ripple. 

CIO is a small capacitor placed in parallel with D1 to 
buffer the surge voltage at point B when Q3 is switched 
on. CIO reduces the high-frequency ringing (approximate 3 
MHz) at point A caused by LI and its distributed winding 
capacitance. The combination of C9 and R14 speeds the 
switching of the CA3085 without changing the hystersis 
voltage, Vgp 

Transistors Q1 and Q2 and their associated circuitry 
provide overload protection. Normally, Q1 and Q2 are off, 
Cl is discharged, and the voltage at point E, Vg, is zero. 
In case of overload, the current through R4 produces a 
voltage sufficient to turn Q1 on. As a result, Q2 turns on, 
and Cl charges mainly through Q2 and R5. A voltage 
proportional to that at point E is fed through diode D4 
into pin 6 of the CA3085; this results in Q3 being turned 
off, even while Cl is still charging. The voltage drop across 
R5 caused by this charging current holds Q1 on, however, 
until Cl is fully charged. When Cl becomes fully charged, 
Q1 and Q2 are turned off, and Cl discharges slowly 
through R1 and R2. When Vg becomes low enough, Q3 is 
switched on again. Since the basic frequency -determining 
mechanism of the switching regulator is not disturbed (an 
overload or short circuit is separated or insulated from the 
inner circuit by the impedance of L2), a few cycles of 
normal operation occur until the current through R4 has 
built up again. Fig. 4 shows the voltage at point E, Vg, 
the current through inductance LI, Igj, and the voltage at 
point B, Vg, under overload conditions. 



TIME - MILLISECONDS 

9?CS - 22<?92 

Fig. 4 — Circuit waveforms under overload conditions. 
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DESIGN EQUATIONS 


Duty Cycle 


T = 7" = H + l 2 


where f is the operating frequency. During one cycle, the 
energy into the regulator equals the energy out (losses 
neglected): 


tj • 1 • V BATT = T • I • V 0 


Therefore, the duty cycle, p (duty), becomes: 

V n 

P(duty) = 


.ii 
' T 


y out 

V BATT 


Choice of Inductance LI 


LI is determined primarily by two factors: the operating 
frequency and the permissible change in current. The current 
through the Darlington when it is on is not constant, but 
changes as the inductor is charged. To utilize the peak current 
capability of the Darlington optimally, it is desirable to use a 
large inductor and thus minimize AI. 

From V = L^Mhe inductance, LI , can be derived: 


V BATT fAI 


dt 


L 1 = ( V BATT ~ V out) • 
Substituting for tl from Eq. 3: 

L 1 = ( V BATT - v out) 

Differentiating Eq. 5, and setting = 0: 

dV out 

Jh =o-2^i_)A=o 

dv out V BATT fAI 

The largest value of LI is required when: 

V out = v BATT 


( 6 ) 


approximately 127 millivolts for an R8 of 220 kilohms: 

R in 1 KQ. 


V H~ V BATT *"r^ = 28 V ' 


220 K£2 


= 127 mV (7) 


The time during which the Darlington, Q3, is conducting is 
defined at tl, and the time during which it is off, at t2. The 
period is then calculated according to Eq. 1 as: 


0 ) 


This voltage has proven a fairly good value. If Vh is much 
lower, the signal into the differential amplifier is not sufficient 
for satisfactory operation. If Vh is higher, the ripple at point 
A is increased, which results in a higher output ripple. 

Darlington During On-State 

The time during which the Darlington, Q3, is switched on is 
tl. From V = L <11 the ripple current is: 


( 2 ) 


(3) 


dt 


A I(t) = 


V BATT - v o 


t 


( 8 ) 


The ripple voltage at point A is the voltage drop of AI(t) 
across R16 and C6 because the load is isolated by L2. The 
CA3085 compares the ripple voltage and the hysteresis 
voltage, Vh, and when the ripple voltage becomes higher than 
Vh, the Darlington, Q3, is switched off. As shown in the 
appendix, the out-of-phase voltage across capacitor C6 is zero 
when the switching occurs, and, therefore, C6 does not 
influence the frequency, whereas R16 does. The ripple voltage 
at this point is: 


AV = V H = AI( tl )- R 16 


(9) 


From Eqs. 8 and 9: 


(4) 


Tat (5) 


Vu = 


V BATT - v o 


tl = 


Operating Frequency 


Vh Li 


( v BATT - v out) • r 16 


tl * r 16 (10) 

( 11 ) 


The operating frequency can be derived in terms of tl as 
follows: 

1 _ P(duty) 

T tj 


( 12 ) 


Substituting for p (duty) from Eq. 3: 

f-i. . V out 

ti v BATT 


(13) 


For V BAXT = 28 V, f = 20 kHz and AI = 0.5 A. 

Ll = (28 -1 4 ) - if - = 7 °0 m h 


Hysteresis 


Together with Eq. 1 1 this yields: 


R 16 

V H Li 


fef (Vbatt -v out ) 


(14) 


After having chosen the voltages, LI, Vh, and the operating 
frequency, R16 can be determined from Eq. 14: 


A hysteresis voltage, Vh, is fed from point B through R8 
into pin 5 which has an input impedance, Rj n , of 
approximately 1 kilohm. As shown in Eq. 7, this voltage is 


f V H L 1 V BATT 

16 V BA TT-V 0U t V out 


(15) 
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Choice of Capacitance C6 

Capacitance C6 does not determine the frequency, and, 
therefore, for price considerations it can be made small. If it is 
too small, however, the ripple voltage is increased. In the 
appendix, C6 is shown to have a minimum value to avoid 
“overshooting ripple” during tl and t2, respectively. The 
minimum value of C6 is determined by either Eq. 16(a) or 
16(b), below, whichever results in the larger value. 

c 6>5r I 6 n6a > 

C 6>-Sf 16 < 16b > 

As to the physical choice, there are three possibilities: An 
electrolytic capacitor with the proper series resistance built in, 
a larger electrolytic capacitor with a smaller inherent resistance 
than is necessary for determining frequency, a paper or mica 
capacitor. If just the right electrolytic capacitor with the 
proper series resistance built in is chosen, no external 
resistance will be necessary to achieve the desired total value 
of R16; thus, one component may be saved. But the choice 
will be difficult because the resistance may vary widely from 
one capacitor to another. Also, shifts in value with time and 
temperature may occur. 

If a larger electrolytic capacitor is chosen, a capacitor which 
has a smaller inherent resistance than is necessary for 
determining the frequency, an external resistor will have to be 
added to achieve the desired value of R16. This method 
provides better stability, as the shifts in the resistance of the 
capacitor will have less effect on the total resistance of R16. 

Paper or mica capacitors have very low, inherent series 
resistance, so that, with this method, most of R16 would be 
provided externally. This method provides the most stable 
system, but is the mpst expensive. 


into a load which is capacitive at the first moment, and the 
current rises to the limit which is set by the Darlington. An 
analysis of the curves of Fig. 5(c) indicates losses of 3.8 watts 
when I is 10 amperes. 



TIME - MICROSECONDS 
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Fig. 5 — Switching curves for the Darlington, Q3; (a) idealized turn-off, 
(b) actual turn-off, (c) actual turn-on. 


Saturation Losses 

The saturation losses can be calculated from Eq. 18 below, 


p sat ^CE(sat) * *max * P(duty) 

Vx 10 Ax 50%= 10W (18) 


Transistor Dissipation Losses 


Switching Losses 

At high frequencies, reduction in coil sizes can be realized, 
but switching losses become significant. Assuming that f = 20 
kHz, tf = 1 /is, VgATT = 28 V, and I max = 10 A, the losses 
contributed during fall time or turn-off are: 

p (off) max = f ' ^ * V BATT * W 

= 20 kHz x 1 jus x 28 V x 10 A = 5.6 W ^ 

This formula is derived from the idealized conditions shown 
in Fig. 5(a). The switching curves in this circuit do not quite 
follow these idealized conditions, however, as shown in Fig. 
5(b), and the switching losses are about 3.9 watts. 

The losses during turn-on are more dependent on second- 
order characteristics, such as the distributed winding 
capacitance of choke LI, and, therefore, do not easily lend 
themselves to analytic idealization. The transistor switches 


CRITIQUE OF THE DESIGN EQUATIONS 

The design equations work well, but have limitations. 
Losses, the storage time of the Darlington, and the 
capacitance of the coil LI have been neglected, but each 
of these influences the performance of the circuit, mainly 
the operating frequency. 

The winding capacitance of LI is distributed and 
coupled with the inductance. When the Darlington, Q3, 
switches on, voltage is applied to LI in almost a step 
function, and LI and its winding capacitance ring, in this 
model at approximately 3 MHz, damped, for approximately 
2.5 microseconds. During the ringing, the median of I rises 
faster than expected from the formula V = L^ and the 
on-time, tl, is shortened. At turn-off, the situation is 
similar. While the duty factor is governed by laws of 
energy and, therefore, does not change, the operating 
frequency is determined by the ripple voltage, and a step 
in this voltage raises the frequency as indicated by Eq. 14. 
Errors up to double the frequency have been experienced; 
a low capacitance rf coil all but eliminates this effect. 
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The losses change the duty factor as well as the 
frequency. At high output currents, the frequency rises 
because the circuit works at a higher “output” voltage to 
compensate for the ohmic losses in LI and L2. The output 
voltage at the terminals is regulated, of course, and remains 
constant. This effect shortens the off-time, t2, and, 
therefore, increases the frequency. The effect is especially 
pronounced at low output voltages when the voltage drop 
across LI and L2 is a higher percentage of the total 
output voltage. 

The storage time in the Darlington, Q3, causes it to 
switch off at a finite time after the CA3085 has switched, 
thus increasing the on-time, tl. The off-time, t2, follows 
the relationship between tl and t2 as determined by the 
energy balance equation, Eq. 3, and so the frequency 
decreases. This effect is pronounced at low output currents 
because Q3 is driven into saturation more quickly. 

Finally, the CA3085 has a small hysteresis voltage of its 
own which adds to the total hysteresis voltage, Vjj. The 
value of the hysteresis voltage of the IC is about 30 to 40 
millivolts, and it results in a lower frequency than would 
be calculated from Eq. 16. 

For the prototype circuit where V^TT = 28 V,L1 = 
880 juH, Vfj =127 mV, R16 = 0.35 ohms (part of an 
electrolytic capacitance), and ^out = 12 V, the frequency 
from Eq. 14 is: 


0.35 


12 V 


127 mV • 880 pH 28 V 


(28 V- 12 V) = 21.5 kHz 


The measured frequency for a V 0 ut of 12 volts is between 
18 and 28 kHz, and the rather simple formula, Eq. 14, while 
not being overly precise, gives a good enough result for a first 
evaluation. 


DESIGN PROCEDURE 

Output voltage and current and input voltage are normally 
given. An operating frequency is chosen which is high enough 
to result in small components but low enough to provide 
bearable switching losses. The choice of the current ripple, AI, 
determines the value of LI ; the choice of the value of the 
hysteresis voltage, Vpj, allows the value of R16 to be 
determined by Eq. 15. As discussed above under the heading 
“Choice of Capacitance C6,” several factors must be 
- considered when choosing C6 and R16. 

After building the circuit, the frequency is checked. Adjust- 
ments are best made by changing the value of R16 or the 
hysteresis voltage. 


PERFORMANCE 

The regulator was designed mainly for use in equipment 
requiring supply voltages of 5 and 1 2 volts (computers, battery 
chargers, etc.). With the values of R10 and Rll shown, the 
voltage can be regulated between 4 and 16 volts. With other 
values of R10 and R1 1 , the output voltage can be varied over a 
wider range, approximately 2 to 22 volts. The output voltage 
varies less than 0.11 volt between 10-percent and full load. 
After one hour of operation, it dropped 30 millivolts. 


The efficiency varies with output voltage as shown in Fig. 6. 
At 5-volts output efficiency is 66 to 72 percent and at 12-volts 
output, 76 to 83 percent between 20-percent and full load. 



Fig. 6 — Efficiency as a function of output. 


As shown in Fig. 7, the operating frequency varies from 12 
to 28 kHz for outputs between 5 and 12 volts; at outputs 
above 30 watts the frequency is above the audible range. 



Fig. 7 — Operating frequency as a function of output. 


The circuit is relatively insensitive to input voltage ripple. 
For an input voltage ripple of 4 volts (60-Hz bridge rectified), 
the output ripple is 0.1 -volt peak-to-peak (60 millivolts, 120 
Hz, plus 40 millivolts, at approximately 20 kHz). As shown in 
Fig. 8, the efficiency is not affected by variations of the input 
voltage. The frequency changes considerably and peaks when 
VCC is approximately 2V 0U t- 

At 25°C ambient, the operating temperature of Q3 and D1 
was 78°C at maximum load; Q3 and D1 were mounted on a 
common heat sink rated at 2.3°C/W. Under short-circuit 
operation, the diode, Dl, reached 88° C, while Q3 ran cooler, 
58°C. As mentioned earlier, under short-circuit or overload 
conditions, the circuit is self-protecting. 
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Fig. 8 — Efficiency and operating frequency as a function of input 
voltage. 


Fig. 9 shows efficiency and frequency versus output voltage; 
Fig. 10 shows the regulation characteristic for a V ou t of 12 
volts. 



CONCLUSIONS 

The free-running switching regulator described in this Note 
provides a simple circuit which combines good regulation with 
high efficiency and relatively low output ripple. The equations 
for designing the regulator are straightforward, and the design 
procedure, although approximate, works exceedingly well. 

APPENDIX 

This appendix discusses the ripple voltage produced by a 
sawtooth-shaped ripple current across an RC series combina- 
tion (R16 and C6 in the main text). Special emphasis is given 
to the end points, the points where the switching regulator 
switches and the ripple current changes its slope; the end points 
are not necessarily the extremes of the ripple voltage. 

Fig. A1 shows the RC network along with a definition of the 



92CS- 22299 

Fig. A1 — The RC network and the current through it. 
current waveform through it. The figure shows that the 
current waveform has no dc component because of the 
existence of the capacitor. For 0<t<tl,I(t) can be defined by 
Eqs. A1 and A2. 

I(t) = -I S + iqt, (Al) 

K,t,=2I s = Al (A2) 

The total voltage drop, Vrc( 0> is given by Eq. A3: 

t 

v RC0) = v CO + /t 1(0 dt + I(t) R (A3) 
o 

where Vco is the voltage across C at t = 0. 

Substituting Eq. Al and integrating: 


Fig. 9 — Efficiency and operating frequency as a function of output 
voltage. 



Vrc(‘) = V C0 +-C JT (-Is + Kl‘) dt + (-I S + Kit)R (A4) 

O 

v RC (t) = v co - ^ t + ^- c t2 - i s r + K , ir ( A5 > 

The difference in voltage from t = 0 to t = tl (AVi) is found 
from: 

AV, = V(t[) - V(0) =~ t, ^ tj 2 + K, Rt, (A6) 

Substituting for k j from Eq. A2: 

I s Is 2I S 

AV i = t! tj +-^ Rtj = 2I S R (A7) 
With 21s = Al (peak-to-peak ripple current): 

AV! - AI-R ^ (A8) 


Fig. 10 — Regulation characteristic for an output voltage of 12 volts. 
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For the time tl <t <t2, <V2 can be computed similarly (Fig. 
A2): 


1 - l s ~ ( A9 ) 

k 2 x 2 = 2I S ( A1 °) 


K») 



Fig. A2 - AV 2 for 1 1 < t < t2. 


The time reference has been shifted to simplify the 
arithmetic. Eqs. All through A15, below, are used to 
calculate AV 2 , the difference in voltage from t = tl to t = t2. 
VC2 is the voltage across RC at t = tl. The voltage across C, 
Vco> is the same at the beginning of the second interval as it 
was at the beginning of the first interval because, during 
CKt<tl, the capacitor is charged and discharged by the same 
amount. 


V = V co + /-g-I(t)dt + I(t)R (All) 

o 

v = v CO + c* / Os - *2‘) dt + Os -*2‘)R (A12) 

o 

V-V CO +£l s t-||t2 + I s R-K 2 Rt (A13) 

AV 2 = V(t 2 ) - V(0) =•£ l s t 2 t 2 2 - K2 Rt 2 
1 2Ic 

“c^- 2C < A14) 


The result, Eq. A15, shows that AV2 = -AVI; this means 
that the voltage across the RC combination is the same at t = 
tl + t2 = T as it was at the beginning, t = 0. The equation also 
shows that the ripple voltage at the switching points is 
independent of the value of C. This statement is not true for 
the times between switching points, as shown in Fig. A3. Note 
that the voltage across C is out of phase with the current; the 
result is that the value of C does not determine the switching 
performance of the circuit. 

Fig. A3 shows that the peak-to-peak ripple voltage may be 


lo) 
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Fig. A3 — Phase relation of circuit currents and voltages at the 
switching points. 

larger than AV = V(tl) - V(0), i.e., that overshoot may occur. 
This condition will occur when C is very small. A minimum 
value for RC can be calculated such that the total ripple does 
not exceed V(tl) — V(0). This critical value of RC may be 
found from the condition that V(t) must not have a minimum 
for (Kt<tl nor a maximum for tl<t<t2. 

Consider first the interval 0<t<tl where V(t) is defined by 
Eq. A5 as: 

v(t) = V C0 - I S R + KltR -Jf t + A (2 

The derivative is set equal to 0 to find the extremum: 



AV 2 = - 2I S R = — AI • R 


(A15) 


_d 

dt 


V(t) = fCjR — * 


Js 

C 


*1 


0 
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This yields: 

i s 

t = ■— — RC (A 16) 

*1 

and with Eq. A2 becomes: 

‘extr=4- RC (A17) I 

This expression defines the time at which the extremum 
occurs. If RC <y, the minimum lies within 0<t ex t r <tl, and 
overshoot occurs. To eliminate overshoot, t ex tr must 
negative or: 

ti 1 

RC (A18) 

where the equal sign characterizes the marginal value with the 
extremum at t = 0. 

In the very same way, it can be shown that in the second 
half-period, during ramping-down of current, overshoot can be 
avoided by: 

ROy (A 19) 
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Interpretation of Voltage Ratings 
for Transistors 

by C. R. Turner 


Introduction 

Transistor voltage breakdown is a function of both 
individual device characteristics and associated circuits. This 
Note describes basic transistor voltage-breakdown mechanisms 
and their relationship to external circuits. These mechanisms 
are then used to explain the various types of voltage ratings 
used by transistor manufacturers. 

Voltage ratings can be readily established for transistors 
designed for use in specific applications for which both the 
associated circuit parameters and the required device 
characteristics are known. For example, specific voltage ratings 
can be assigned to transistors used in applications such as auto 
radios, portable radios, and computer circuits, and the large 
number of transistors produced for these uses can be specially 
tested to meet these particular ratings. 

However, multi-purpose transistors must also have clearly 
defined voltage ratings which can be easily understood so that 
these devices can be readily designed into a wide variety of 
applications. The calculation of these voltage ratings requires a 
fundamental understanding of transistor voltage-breakdown 
mechanisms and their circuit dependance. 

Common-Base Avalanche Breakdown 

Collector-base breakdown of transistors operating in a 
common-base connection is caused by avalanche multiplica- 
tion. When a voltage is applied between collector and base, a 
depletion layer or space-charge layer is formed at the collector 
junction and spreads out into both the collector and base 
regions. Avalanche multiplication takes place in this depletion 
layer when a high electric field is present. This multiplication 
effect, which is similar to the “Townsend effect” in gas tubes, 
is the result of collisions between rapidly accelerating minority 
carriers that enter the depletion layer and atoms in the crystal 
lattice. Energy transferred to the atoms as a result of these 
collisions causes ionization, which releases valence electrons; 
these electrons are then also accelerated. Avalanche 
breakdown differs from Zener breakdown in that no 
multiplication takes place because no free carriers are present 
in the Zener condition. All the carriers of the Zener 


breakdown are formed by stripping of valence electrons in a 
high-strength field. 

The multiplication M that takes place for a given 
collector-to-base voltage (Vcb) is given by the following 
empirical formula for junction transistors: 


where V\ is the true avalanche or “bulk” breakdown and n is 
the rate of multiplication; both terms are constant for a device 
of a given type. These constants are determined for a 
particular transistor as follows: 

For a common-base circuit using constant-current input, 
the collector current Ic is given by 


IC = aMlE + MI C BO ( 2 ) 


where a (alpha) is the short-circuit common-base current 
transfer ratio, Ig is the emitter current, and ICBO is the 
collector-to-base leakage current. Both Ig and ICBO are 
multiplied by the multiplication factor M because they cross 
the depletion layer (the ohmic leakage components of ICBO 
which do not cross the depletion layer and are not affected by 
multiplication are not considered here). 

If the operating point of a transistor in a common-base 
circuit is selected so that Ig is much greater than Icbo> then 
equation (2) can be simplified as follows: 

I C ^aMI E (3) 
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The multiplication factor M is then given by 


I Ic 

1e 


(4) 


Because the collector current Ic is related to the 
multiplication factor M, which is in turn related to the 
collector-base voltage Vcb, particular values of M for values of 
VCB can be obtained from the following rearrangement of 
equation (1): 


M - 1 Vcb 

log — = mog— 


(5) 


This equation indicates that a log-log plot of (M-l)/M as a 
function of Vcb is a straight line having a slope n and value of 
VCB equal to the true avalanche breakdown Va when 
(M-l)/M is unity, or when M approaches infinity. 

Total Alpha 

Equation (3) shows that the “total alpha”, or total gain 
factor, for a transistor in a common-base circuit is reflected by 
the product aM. In addition to the multiplication factor M, 
therefore, the “total alpha” depends on the short-circuit 
current transfer ratio a, which is given by 

a = j3 0 7 (6) 


where 0 O is a transport factor and 7 is the emitting efficiency 
of the transistor. 

The transport factor 0 O is a measure of the extent of 
recombination that takes place in the base region of the 
transistor; it is given by 


W / " ■ 

0 O = 1 -56(-) 2 ; L=y/Dt (7) 


where W is the active base width, L is the minority-carrier 
diffusion length, D is the minority-carrier diffusion constant 
for the semiconductor material, and t is the minority -carrier 
life-time (i.e., the time required for 63 per cent of the 
minority carriers to recombine in the base region). 

The emitting efficiency 7 is the ratio of the carriers injected 
into the base from the emitter to the sum of these carriers plus 
the carriers injected into the emitter from the base; it is given 
by 


D b WN b 
D e L b N e 


( 8 ) 


where D b and D e are the minority-carrier diffusion constants 
of the base region and the emitter region, respectively, and N b 
and N e are the carrier concentrations of the base and emitter, 
respectively. 

In a practical transistor, the diffusion length L is much 
greater than the active base width W, and the emitter is much 
more heavily “doped” than the base (i.e., the emitter 
conductivity o e is much greater than the base conductivity 
oh). As a result of the heavier “doping”, the emitter carrier 
concentration N e is much greater than the base carrier 
concentration N b . Equations (7) and (8) indicate that for 


these conditions (L > W and N e > N b ) both the transport 
factor 0o and the emitter efficiency 7 are approximately equal 
to unity. 

Collector characteristics for a transistor operated in a 
common-base circuit with a constant emitter current are 
shown in Figure 1. The “total alpha” of the transistor, 007 M, 
varies from a value of 007 at low voltages, where 007 is close to 
unity and M equals unity, to a value approaching infinity when 
VCB equals Va (because M approaches infinity at this 
voltage). Because stable operation can be achieved as long as 
the “total alpha” remains finite, operation of transistors in 
common base circuits is permissible at all voltages up to the 
collector-base avalanche voltage Va- 



COLLECTOR -TO- BASE VOLTAGE (V C0 ) 

Fig. 1 


Common-Emitter Avalanche Breakdown 

In common-emitter circuits, avalanche breakdown occurs at 
the collector-to-base voltage at which the common-emitter 
current transfer ratio beta (0) becomes infinite. 0 can be 
expressed in terms of the common-base current transfer ratio 
a, as follows: 


aM 

1 — aM 


(9) 


0 becomes infinite when aM equals unity (i.e., when M = 1/a = 
1/(007). 

Avalanche multiplication increases the number of carriers 
supplied to the collector side of the junction from the 
depletion layer. The base is then required to supply a similar 
number of new carriers to the depletion layer to maintain 
charge neutrality in the layer. At the collector voltage at which 
the number of carriers supplied to the depletion layer by the 
base because of multiplication just equals the number of 
carriers gained by the base through recombination (transport 
factor 0o) plus an effective number of opposite-type carriers 
injected by the base (emitting efficiency 7)*, the current 
transfer ratio becomes infinite because no base current is 
required to support collector-current flow. 

* The injection of opposite-type carriers by the base is equivalent to a 
corresponding gain of similar carriers in the base. 
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As stated above, (3 becomes infinite when aM equals unity, 
or when M = 1/a. Substitution of this value in equation (1) 
produces the following equation for a: 

a=1 -(-Tp-)" o°) 

Va 

This equation can then be solved for the value of VcB at 
which aM equals unity (this voltage is represented by V a M = 
l), as follows: 

VaM = 1 = V A n (11) 

For collector voltages smaller than V a M = 1 , base current 
IB flows in the normal direction and (3 is positive. For voltage 
greater than V a M = i , however, the base-current is reversed 
and j3 is negative. (3 and “total alpha” are shown as functions of 
VCB in Figure 2. 


Although the abscissa for these curves is collector-to-emitter 
voltage rather than the collector-to-base voltage previously 
used, no appreciable difference exists between the two except 
at low collector voltages, where multiplication is negligible in 
any case. 

If negative feedback in the form of emitter resistance is 
applied to a transistor operating in a common-emitter circuit 
without constant-current input, as shown in Figure 4, the net 
effect is an increase in the avalanche breakdown. In the circuit 
of Figure 4, Rb is the series Thevenin equivalent of all external 
resistances presented to the transistor base terminal, Rg is the 
sum of both external and internal emitter resistances, and Vg 
is the voltage source or Thevenin voltage at the base terminal. 

The base-to-emitter voltage VbE can be assumed to be 
approximately zero, provided the internal base resistance is 
small compared to Rfi. The base current Ib is then given by 

I B = ^£ (13) 



Fig. 2 


The collector current Ic of a transistor operating in a 
common-emitter circuit with a constant-current input is given 
by 


IC 




Fig. 4 


The collector current Ic' for the circuit with external 
emitter resistance can be determined in terms of initial base 
current Ib, as follows: 


I C ' = 0V = 


0Rb 


Rb + ( 0 + l ) r e 


X 0 


(14) 


IC = 0Ib + (0+1)MI C b6 (12) 

The collector characteristics for such operation are shown in 
Figure 3. 


Because the input is a finite source voltage, the effect of the 
external emitter resistance is to reduce the output or collector 
current. An artificial current ratio | 3' can be introduced to 
account for the change in Ic, as follows: 



COLLECTOR-TO-EMITTER VOLTAGE (V CE ) 
Fig. 3 


Rb 


l - a' Rb + ( 0 + l ) Re 


x0 


(15) 


Equation (15) can then be solved to determine an artificial 
common-base current transfer ratio a ', as follows: 


a' = a x 


Rb 

Rb + r e 


(16) 


This value of a ' is not the true common-base current transfer 
ratio of the transistor, but it defines the feedback effect which 
results from the use of external emitter resistance when any 
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type of source other than a pure current source is applied to 
the transistor in the common-emitter circuit. The term a 'can 
be used to determine the common-emitter avalanche voltage 
for non-constant-base-current conditions when external 
emitter resistance is used. Combination of equations (11) and 
(16) provides the avalanche voltage, as follows: 

v «'M =i=v *\A : iSr (,7) 

The collector characteristics for these conditions are similar 
to the characteristics shown in Figure 3, except that the 
voltage V a M = 1 is replaced by the higher voltage VaM = 1 as 
defined in equation (17). If Rg becomes infinite or Rg 
becomes zero, the condition for constant-base-current 
operation is reached and V a 'M = 1 reduces to V a M = l . If Re 
becomes infinite or Rg becomes zero, V a 'M = i reduces to 
VA, the common-base avalanche breakdown voltage. 
Therefore when a source voltage and external emitter 
resistance are used, the common-emitter avalanche breakdown 
voltage can vary from a low of V a M = \ to a high of Va, 
depending upon the ratio of Rg to Re- 

Common-Emitter Voltage Breakdown 
as a Function of Circuit Conditions 

The preceding discussion of common-emitter voltage 
breakdown considers only forward-bias conditions. Other 
types of breakdown may occur for circuit input conditions 
when no forward bias is applied. Several of these conditions 
are discussed below. 

Resistive Source R 

When a transistor is operated in a common-emitter circuit 
from a resistive source R, as shown in Figure 5, the collector 
current Ic is given by 

Ic= MIcbo_ 1 + °N (1 - a.) (18) 

1_aNai (1 — a N ) +-^- ■ ** ~ a N — 


micbo 



where on is the normal common-base current transfer ratio for 
the transistor ( a n = Qoy), a, is the current transfer ratio for 
inverted operation, IebO is the emitter-to-base leakage 
current, and the term Kj/q is equal to 0.026 volt at 25 degrees 
centigrade. 


The total collector leakage current MIcbo divides at the 
internal base terminal; a portion flows through the internal 
base resistance rb and the source resistance R, and the balance 
flows through the base of the transistor to produce the 
collector current given by equation (18). The voltage produced 
by the portion flowing through rb + R provides a forward bias 
between the emitter and the base. 

It is assumed that the intrinsic emitter-base diode has a 
step-function V-I characteristic with a threshold voltage Vj, 
rather than an exponential characteristic, and also that all 
leakage current flows through the external base current as long 
as the forward bias is less than Vd- For this approximate 
transistor model, emitter injection takes place when the 
emitter forward bias equals Vd, and collector-to-emitter 
voltage breakdown occurs. The breakdown condition is given 
by 

MIcbo (R + r b ) = V d (19) 

Because M is related to V^g and VcE> equation (19) can be 
solved for VcE for an Y given value of VCB- The calculated 
value of VcE would then be designated as the 
collector-to-emitter breakdown voltage with source resistance 
R, and would have the symbol BVcer- The value of BVcer 
is given by 

Bv CER =v A yTii2o^iib) (20) 

Equation (20) indicates that VcE is inversely proportional 
to the logarithm of R. Therefore, the highest breakdown 
voltage occurs when R is equal to zero. This voltage is 
designated as the shorted-base breakdown voltage, and has the 
symbol BVces • 

If the base is opened (R approaching infinity), the 
threshold voltage Vd is reached for any finite value of MIcbo > 
and transistor operation is governed by the common-emitter 
current transfer ratio p. For this condition, the entire leakage 
current MIcbo must flow through the transistor base to 
produce a collector current equal to (j8 + 1) MIcbo*- This 
lowest value of breakdown voltage occurs at the 
collector-to-emitter voltage at which P becomes infinite, which 
was previously defined as V a M = 1 • 

The breakdown voltage for all other source-resistance 
conditions is greater than V a M = 1 ; i.e., when emitter injection 
starts, total alpha (aM) is greater than unity, and P is negative. 
Figure 2 shows that when VcE is greater than V a M = 1, P 
increases negatively as voltage decreases. At breakdown, 
emitter injection occurs, and the collector current increases 
rapidly . This increasing current causes a decrease in collector 
voltage as a result of the presence of collector, emitter, and 
supply resistances. The decreasing collector voltage in turn 
causes an increase in P and collector current, so that the effect 


* The intrinsic collector current Ic "is 0 times the intrinsic base current 
Ig", for this case MIcbo- The actual measured collector current is 
the intrinsic collector current plus the leakage current, i.e., 

Ic = Ic”+ MIcbo and Ic ’ = 01 b ”= 0MICBO- Therefore, Ic = 01 b " + 
MICBO> which reduces to Ic = (0 + 1) MIcbo- 
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becomes cumulative. This effect produces a negative-resistance 
breakdown-voltage characteristic that becomes asymptotic to 
V a M = 1 when j3 is infinite. 

The source-resistance breakdown characteristics are shown 
in Figure 6. 



COLLECTOR -TO-EMITTER VOLTAGE (V CE ) 

Fig. 6 

Reverse Bias Voltage Source 

When a reverse bias is applied between emitter and base, as 
shown in Figure 7, the collector breakdown voltage can be 
increased above the value BVces- As in the case of source 
resistance, no emitter injection takes place as long as the 
forward emitter bias is less than the threshold voltage V d . 
Injection occurs when the drop across rfo resulting from 
MIcbo is sufficient to overcome both the base supply voltage 
Vbb and Vd. This breakdown condition is given by 



COLLECTOR - TO-EMITTER VOLTAGE (V CE ) 


Fig. 8 

Transistor Operating- Regions 

The various breakdown voltages discussed up to this point 
determine the operating regions for general-purpose 
transistors. In general, transistor characteristics can be divided 
into two regions of operation, as shown in Figure 9. 

The limits of region A, the forward-bias region, are 
determined by the common-emitter avalanche breakdown 
voltage VqM = \ and the maximum collector-current rating for 
the transistor. Operation anywhere in this region is permissible 
provided the peak dissipation ratings for the transistor are not 
exceeded. There are no restrictions on input-circuit conditions 
unless the region boundary is set by V a 'M = 1 rather than 
V a M = r, in this case, the conditions discussed previously 
apply. 


MIcbo rb = V d + V bb (21) 


mi cbo 



An increase in Vbb increases the value of both M and Vce- 
Figure 8 shows a series of breakdown curves for difference 
values of Vbb- Negative resistance occurs when the transistor 
operates in the region of negative 0, as discussed previously. 
The peak value of each characteristic is designated by BVcex- 
The value of BVcex is given by 


bv CEX - Va 



Icbo (R + rb) 
V d + Vbb 


( 22 ) 


REGION A REGION B 



COLLECTOR-TO- EMITTER VOLTAGE (V CE ) 


Fig. 9 

The lower limit of region B, the negative-resistance is 
determined by the avalanche breakdown voltage V a M = \ , and 
the upper limit by the respective breakdown voltages for 
particular input conditions, i.e., BVces. BVcer. BVcex. 
etc. 

Additional Considerations 

In the previous discussion of common-emitter avalanche 
breakdown voltage, the term V a M = 1 was assumed to be 
independent of collector current. However, V a M = l is a 
function of the common-base current transfer ratio a (as 
shown in equation 10), which varies with Ic- It follows, 
therefore, that V a M = 1 must change with Ic- 0 and a vary 
with Ic differently for abrupt- and graded-junction transistors. 
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Figure 10 shows the variation of |3 for typical transistors. 

ABRUPT GRADED 



COLLECTOR CURRENT 


Fig. 10 

Because the minimum value of VqM = 1 occurs at the peak 
of the curves shown in Figure 10, it is possible to construct a 
locus of points on the Vc - Ic curves of a transistor where the 
total alpha aM is equal to unity, as shown in Figure 1 1 . This 
locus curve has only a positive-resistance slope for 
abrupt-junction types, but has both positive and 
negative-resistance slopes for graded-junction types. 



COLLECTOR-TO-EMITTER VOLTAGE (V CE ) 

Fig. 11 


Because both the forward-bias and reverse-bias curves 
become asymptotic to V a M = l for common-emitter 
operation, this variation of V a M = i with Ic modifies all the 
breakdown curves. It also explains why some forward bias 
curves, such as Vceo can have a negative resistance 
component for some types of transistors. This effect is 
observed for most diffused types that have graded junctions; 
because alloy transistors have abrupt junctions, these types do 
not normally have negative-resistance forward-biased voltage 
characteristics. 
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This Note compares the traditional, classical approach to 
the reliability-assurance testing of power transistors with a 
newer classification of testing: Real-Time Control, RTC. The 
classical approach is commonly referred to as Group B, and in- 
volves a series of mechanical, environmental, and life stress 
tests. RTC is a continuous, systematic evaluation and control 
in “real time” of basic, potential failure mechanisms. It is an 
important supplement to a total program intended to assure 
the reliable performance of power transistors. 

Classical Method of Determining Reliability 

When examining semiconductor reliability, the term “re- 
liability” itself must first be defined and understood. Because 
“reliability” means different things to different people, it be- 
comes necessary to define the degree or level of reliability re- 
quired in the classical and universal language of statistics. The 
procedure of accumulating life-test data under conditions which 
may be application-oriented to obtain MTF (mean-time-to- 
failure) data is an oversimplified way of demonstrating re- 
liability when one desires millions of device hours with a small 
number of failures. Unless one is interested in demonstrating 
only modest levels of reliability, this procedure will be totally 
inadequate for determining how well the manufacturing 
process produces devices that meet the intended design 
criteria. 


Fig. 1(a) shows the “bathtub curve” used in the classical 
method to characterize the random failure region; this curve is 
an oversimplification of the three curves shown in Fig. 1(b) 
representing various failure modes. Clearly, the bathtub- 
curve method of determing a region which by its very 
definition is random and largely unpredictable is unsatisfactory. 


INFANT I 
mortality! 


RANDOM FAILURES 


WEAROUT 

FAILURES 


9 2CS - 23374 



TIME 


92CS-23465 


Fig. 1 — (a) Generalized "bathtub" failure-rate curve, (b) family of 
curves from which the "bathtub" curve in (a) is derived. 


Table I indicates the enormous sample sizes required to 
demonstrate very low failure rates by the classical method. 
The equally enormous expenditures in facilities and time 
required to test samples of the sizes shown is obvious. 

Table I — Sample Size Required for 1000-Hour Life Test 



With Zero 

With One 

With Three 

Failure 

Failures 

Failure 

Failures 

Rate %/ 

at 90% 

at 90% 

at 90% 

1000 Hrs. 

Confidence 

Confidence 

Confidence 

1.0 

231 

390 

668 

0.1 

2,303 

3,891 

6,681 

0.01 

23,026 

38,980 

66,808 

0.001 

230,000 

389,000 

668,000 


Comparison of Group B and RTC 

The classical approach was developed years ago because 
some over-all protection in the form of reliability assurance was 
needed by customers. These Group B tests, performed 
under standardized MIL-STD-750 conditions, were necessary 
and useful. However, times have changed. Reliability engineers 
have overstress-tested devices to destruction; in addition, a 
wealth of customer field information is available. Failure analy- 
sis performed on a routine basis has added even more knowl- 
edge. The net result is a greater understanding and appreciation 
of categories of potential failure mechanisms associated with 
different product designs than was previously possible; RTC 
is a reliability-assurance testing system that takes advantage of 
all this information. 
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Reliability-assurance data published per specific customers’ 
requests has traditionally consisted of Group-B test results. In 
general, the summation of data shows large sample sizes with 
near zero total failures. RTC, with its accelerated test con- 
ditions, may not show zero failures. Therefore, when RTC data 
is published externally, customers must be educated in its 
interpretation. This education usually consists of personal con- 
tact and a qualitative explanation of each report. 

The foundation of RTC is accelerated testing, tests performed 
at higher than normal stress levels to increase the failure rate 
and shorten the time to wearout. There is almost no me- 
chanical, environmental, life, or combined stress test for which 
accelerated test conditions cannot be achieved. Table II lists 
the various tests with recommended directions for acceleration. 
The reliability tests of the future will use accelerated testing 
techniques that are associated with real-time-control theory to 
provide meaningful, quick appraisals and predictions of the re- 
liability of solid-state components. 

Table III describes some of the most important differences 
that exist between the classical form of testing and RTC. The 
power and advantages of RTC are clearly visible. 


Real-Time Controls 

Real-time controls are accelerated tests used to control re- 
liability — a design and process parameter. In the real-time 
method of determining reliability, a continuous flow of data 
is interpolated into established criteria to provide an indi- 
cation of how well the manufacturing process is producing 


Table II — Tests and Acceleration Directions 


Test 


Direction of Stress Acceleration 


Mechanical 

Lead fatigue 
Lead pull 
Lead torque 
Centrifuge 
Impact shock 
Vibration 
Solder ability 


Increase bends to package destruction 

Increase weight to package destruction 

Increase torque to package destruction 

Increase G-force 

Increase G-force 

Equipment limited 

Increase preconditioning stress, e.g., 

3 hrs. in steam 


Environmental 

Moisture resistance/ 
relative humidity 
Salt atmosphere 
Temperature cycling 
Thermal shock 
Life 

Operating life 
Storage life 
Thermal fatigue 
Reverse bias 


Increase time; use pressure cooker/ 
autoclave; use moisture with bias 
Increase time 

Increase cycles; increase AT ambient 
Increase cycles; increase AT liquid 

Increase T junction 
Increase T ambient 
Increase AT case ; increase cycles 
Increase T ambient; increase voltage 


product that meets the criteria. By comparing actual to 
historical data, changes required in the manufacturing process 
to improve the reliability of the product can be made on a day- 
to-day basis. 


The tests used as real-time controls are selected on the basis 
of extensive reliability -engineering work done during the design 


Table III — Differences Between Classical Group-B Tests and Real-Time Controls 


APPROACH 

GROUP-B TESTS 

REAL-TIME CONTROLS 

1. Test Considerations 

At maximum device ratings or less 

Overstress many times to destruction 

2. Overall 

General, multi- subgroups, 

“shotgun” approach 

Specific, predetermined reliability engineering 
experimentation necessary, “rifle” approach. 

3. Types of Failure 

Non-predictable multi-failure modes; 
read 6 to 1 5 electrical parameters 

Visually one failure mode; i.e., look for evidence 
of one specific failure mechanism. Many times 
electrical readings not required. 

4. Frequency 

Usually once per month 

Weekly — Daily - Hourly 

5 . Product Stage 

Completed, electrically tested product 

All stages of product 

6. Sample Size 

Large (approximately 1 50 per each 
subgroups) 

Small (approximately 40), taken more 
frequently 

EFFECTIVENESS 

1 . Decisions 

Very poor, after the fact 

Immediate and Direct 

2. Reliability Predictability 

Poor, considering current low level 
failure rates 

Excellent, considering protection from 
accelerated conditions 

3. Problem Detection, Feedback, 

.. Corrective Action 

Poor 

Excellent, quick response on today’s product 
with measurable quick evaluation of 
corrective action 

4. Efficiency of One Test Rack 

8 tests/rack/year (1000 hr. test 
and down period) 

90 tests/rack/year (3 day max. 
and 1 day Tor changing product) 

5. Test Duration 

Approximately 6 weeks 

Minutes to three days maximum 
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of a new product. Reliability, design, and applications engineers 
work together to develop an integrated matrix of mechanical, 
electrical, thermal, and environmental stress tests that will 
provide information concerning allowable margins of materials, 
process, and structure in the manufacturing process. Failure 
mechanisms detected during the manufacturing process can 
then be continually controlled even though they occur under 
accelerated conditions, and the product reliability margin, as 
shown in Fig. 2, can be maintained. Very often a two- or 
three-day accelerated life test can be used to predict the per- 
formance of a product in an actual application over a five-to 




RELIABILITY BOUNDARY 


APPLICATION LEVEL 


No. OF UNITS 
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Fig. 2 — Curve demonstrating product-reliability margin. 

seven-year period. For this reason, a major effort is made to 
correlate accelerated-test data to use conditions. 

Information generated by the RTC method has unquestion- 
able validity because tests are well controlled, and all ambi- 
gutieshave been removed. Not only is the stress application and 
duration known for acceptable product, but, in most cases, 
RTC may be used to evaluate and control individual failure 
mechanisms. Current as well as historical and projected 
operating information is generated for analysis. 


Real-Time Control Programs 
Thermal Cycling 

The first real-time control was developed by RCA to 
control the thermal-cycling capability of silicon power tran- 
sistors in plastic packages. 1 ’ 2 ’ 3 The thermal-cycling capability 
is determined from a system of rating curves which defines 
cycle life in terms of power and changes in case temperature. 
RTC tests are designed to produce information in three days 
for use in process-control. Table IV shows the sampling plan 


and test conditions for real-time control of thermal-cycling 
capability of VERSAWATT transistors. Fig. 3 shows the 
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Fig. 3 — Difference in thermal-cycling tests for the standard- 
quality, Group-B method and the accelerated RTC 
method. 

differences in the thermal-cycling tests for the standard- 
quality, group-B method and the accelerated RTC method- 
The thermal-cycling test circuit, Fig. 4, includes an indicator 


COMMON 



Fig. 4 — The thermal cycle test circuit used to obtain the data in Table IV. 


Table IV — Sampling Plan and Test for Real-Time-Control of 
VERSAWATT TO-220 Thermal-Cycling Capability 
OBJECTIVES 

1 . Provide a Meaningful Control for Critical Thermal-Cycling Capability. 

2. Detect Lot-to-Lot Differences. 

3. Initiate Corrective Actions and/or Holding Actions. 

TEST CONDITIONS AND ACCEPTANCE CRITERIA 

Accelerated Thermal Cycling — Free Air, 4.75 W, AT C = 125°C, tQjq = 50 Sec., 
tQFF = 100 Sec., n = 40: 
c = 0 @ 1700 cycles, or 
c = 1 @ 3000 cycles 

FAILURES - Check for Opens on Rack, in Addition to Group B Tests End Points 
Including Top-Contact and Bottom-Contact Electrical Parameters. 

NOTE: In No Way Does This Real -Time-Control De-Em phasize An Existing 
Disciplined And Total In-Process Quality -Control Program-From 
Incoming Inspection Through Warehousing. 
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circuit for open-emitter or open-base contacts. The failure-rate 
data for VERSAWATT product tested under the RTC acceler- 
ated conditions is shown in Table V. 

Table V — Failure-Rate Data for 1972 for 

VERSAWATT Product Tested Under RTC 
No. of No. of No. Lots No. of Units Per cent Failed 

Lots Units Failed Failed 

’04 4,150 1 6 0.144 

Pull Strength 

RTC may be practiced either on a lot-by-lot or shift basis. 
For example, each day, 30 samples per shift of power tran- 
sistors are subjected to the following sequence of tests im- 
mediately after the soldering of the emitter, base, and col- 
lector contacts, i.e., just before the units are plastic encapsulated: 

1. Autoclave (121°C, 30 psia, 4 hours) 

2. Pull test on emitter-base contacts 

The purpose of the autoclave is to age the unprotected 
soldered joint so that poor solder contacts are more easily 
detected. A typical distribution for the pull-strength test is 
shown in Fig. 5. A contact that cannot withstand at least 



Fig. 5 — A typical pull-strength distribution after autoclave at 
30 psia, T = 121°C, 4 hours. 


10 ounces of pull is a failure. The autoclave-plus-pull-test 
RTC checks only the mechanical strength of the solder joint, 
and provides a direct measure of the success of the soldering 
process on a real-time basis. Deficiencies discovered as a result 
of the pull-strength test are corrected in subsequent shifts. 


Wire-Bond Test 

A thermal shock test of plastic product using wire bonds 
for emitter-base connections is performed weekly, and is very 
effective in monitoring a major failure mechanism which 
manifests itself as intermittent opens under thermal operation. 
The sampling plan and test conditions for the thermal-shock 
RTC are as follows: 

Sample Size Conditions Cycles Dwell Time 

40 — 65°Ctol50°C 100 30 sec. at each 

extreme 


The test proceeds as follows: 

1 . Perform end-point test for hot intermittent opens. 

2. Make curve-tracer measurement with power applied; allow 
device to heat to 125°C. 

3. Criticize data for stability criteria (“jitter”). 

4. Reject all unstable product and confirm rejects by 
failure analysis. 


Aluminum-Gold Bonding 

The aluminum-gold bonding RTC was developed to detect 
the failure mechanism of bond lifts in gold bonds caused by 
the presence of impurities in the gold. The failure mechanism 
occurs after life testing at high temperatures (200°C) without 
any apparent force being applied. The test is performed on a 
lot basis according to the following sampling plan, test con- 
ditions, and procedures: 

1 . Sample size is 15 devices with at least 30 wire bonds, pull- 
test one half of the wire bonds on each unit. 

2. Bake 1 hour at 390°C. 

3. Perform pull-test on remaining wires. 

4. Observe number of bond-lift failures. 

Fig. 6 is a graphical representation of the results of the 
aluminum-gold bonding test is performed on gold-plated parts 
for four different lots. 
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Fig. 6 — Bond-pull test results before and after 390 C bake. 
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Additional Tests 

Additional real-time controls for maintaining the thermal- 
cycling capability of both hermetic- and plastic-packaged 
power transistors are shown in Table VI. These tests were 
developed because of the success of earlier RTC tests on the 


Conclusion 

The accelerated tests of the real-time -control method of 
realiability determination are invaluable tools in attaining the 
most reliable silicon power transistors. These tests, used in 
conjunction with or as substitutes for the tests of the Group B 


Table VI — Real-Time Thermal-Cycling Test Conditions 


PACKAGE 

POWER 

(WATTS) 

T c (°C) 

AT c (°C) 

t on 

t off HEATSINK 

TO-220 VERSAWATT 

18 

55 to 110 

55 

3 min. 3 min. 

3°C/W 


4.75 

35 to 155 

125 

50s 

100s 

Free Air 

TO-3 Hermetic 

16 

40 to 130 

90 

50s 

100s 

Free Air 


56 

70 to 120 

50 

15s 

25s 

6.3°C/W 

TO-66 Hermetic 

8.5 

35 to 155 

120 

50s 

100s 

Free Air 

RCA “TO-5” Plastic 

1.5 

35 to 135 

100 

60s 

90s 

Free Air 

TO-5 Hermetic 

1.5 

30 to 115 

85 

60s 

90s 

Free Air 


TO-220 plastic -packaged silicon power devices. RTC tests have 
developed for all silicon power transistors because of demands 
for increased reliability by automotive and consumer-product 
manufacturers. 

RTC Used to Achieve a Higher Reliability Level 

Real-time controls not only maintain an acceptable re- 
liability level as intended by the design of the product, but, 
because they are most often highly accelerated tests that show 
the difference in lot capability or margin of acceptability of 
the product manufactured, they tend to force the level of 
reliability higher. Fig. 7 shows how reliability levels are distri- 
buted with and without RTC. 



RELIABILITY LEVEL RELIABILITY LEVEL 
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Fig. 7 — Distribution of reliability levels with and without RTC. 


or classical method, have been proven more effective than 
previous tests or applications-oriented derated conditions in 
predicting and assuring reliability levels. The success of the 
RTC method is directly related to a complete understanding 
of device and manufacturing-process capability. 
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Characteristics of RCA Monolithic 
Power Darlingtons 

by W. G. Einthoven 
H. F. Palouda 
A. Todd 


This Note describes the design and application of RCA 
monolithic power Darlington transistors; the Darlington circuit 
has been in use for some time in applications where high beta is 
needed, but has only recently been available as a monolithic 
device. The RCA Power Darlington series 2N6385, Table I, con- 
sists of n-p-n circuits that can be driven directly from an inte- 
grated circuit and that operate at currents up to 10 amperes and 
voltages ranging from 40 to 80 volts. The devices are available in 
both hermetic and plastic packages. The Note also explains the 
unique solution to electrical connection of the emitter of the 


TABLE I - RCA MONOLITHIC POWER DARLINGTONS 


n-p-n * 
Types 

Voltage 

Capability 

(Volts) 

Maximum 

Current 

Capability 

(Amperes) 

Power 

Dissipation 

(Watts) 

Package Type 

2N6383 

40 

10 

100 

TO-3 

2N6384 

60 

10 

100 

TO-3 

2N6385 

80 

10 

100 

TO-3 

2N6386 

40 

10 

40 

VERSAWATT 

2N6387 

60 

10 

40 

VERSAWATT 

2N6388 

80 

10 

40 

VERSAWATT 


* p-n-p equivalents of these types are in development. 

driver transistor to the base of the output transistor used in the 
RCA Darlingtons, and presents the electrical characteristics of 
the Darlington series in terms of the requirements of typical 
applications: motor controls, hammer drivers, audio amplifiers, 
and power supplies. 

PHYSICAL DESIGN 

The RCA-2N6385 -series Darlingtons, Fig. 1, are 
double-epitaxial, single-diffused devices. In n-p-n types, such as 
shown in Fig. 2, the collector consists of an n+ substrate plus an 
epitaxially grown n- layer; the base is p- material grown 


epitaxially on top of the substrate, and the emitter consists of n 
impurities diffused into the base. The base-collector diode 
around the periphery of the pellet is mesa etched. The areas 
where base-to-emitter junctions emerge are protected by passi- 
vation (silicon dioxide). The contacts on top and bottom of the 
pellet are nickel clad and soldered with lead -tin solder. 


c 
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Fig. 1 — Schematic diagram of the RCA monolithic power 
Darlington design. 

Up to this point, the processing of the Darlington device and 
an epitaxial single-diffused transistor is the same. In the 
Darlington, the bases of both transistors, B1 and B2, are of the 
same epitaxial growth; both emitters are diffused in at the same 
time. However, the horizontal pattern in the Darlington is quite 
different from that of a single transistor. As shown in Fig. 2, the 
driver transistor is in the center of the pellet and is surrounded 
by the output transistor. At the exact center is B1 , the base of 
the driver; around it is El , the emitter of the driver . The base of 
the output transistor, B2, is next to El, and the two are con- 
nected by a metallization on the surface of the pellet. The out- 
put emitter, E2, is next to B2, and a large periphery between 
both is provided to improve the current distribution. 

The base of the driver, B1 , and the base of the output transist- 
or, B2, are connected electrically through the base layer under- 
neath El, since both are part of the same base material; this 
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PLAN VIEW 
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Fig. 2 — Chip design of the 2N6385, n-p-n Darlington. 


connection is shown in Fig. 3. Fortunately, the bases are not 
shorted out altogether, but the base material provides a rather 
large resistance, R1 , of several thousand ohms;Rl is also shown 
in Figs. 1 and 2. 

It is desirable to have a resistance between the base and the 
emitter of the output transistor to improve both switching per- 
formance and leakage. (These characteristics are discussed in 
more detail below.) The resistance is formed by having the 
pattern for B2 extend into the E2 area to form area D, as shown 



Fig. 3 — Cross section of part of a Darlington chip showing how R1 
is derived. 

in Figs. 2 and 4. Area D is shorted to the output emitter, E2, by 
the emitter metallization. Again, this metallization does not 
short out the emitter and base completely, but connects them by 


a resistance, R2 formed by the narrow neck of the area D. which 
has a value of a few dozen to a few hundred ohms, depending on 
the actual dimensions. 

Fig. 4 shows that the over-metallization associated with D 
also forms a diode. This diode lies electrically between emitter 
and collector, and is part of the base-collector diode . By shorting 
a piece of base area to the emitter, the D area of the transistor is 
degenerated into a diode. As mentioned above, this connection 
does not short B2 to E2 because the over-metallized area of the 
base is physically separated from B2, and is connected to B2 
only by the narrow neck area which forms R2. 
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Fig. 4 — Detail of chip for n-p-n Darlington. Shaded areas are 
metallized; area D is part of B2. 


p-n-p Darlingtons are built in essentially the same way. In 
some types the base, B1 , might be shifted from the geometrical 
center of the pellet into one corner, so that the periphery 
between B1 and B2 would be decreased, thus increasing Rl. This 
shift is made because, in p-n-p types, the base resistivity is much 
lower; therefore, Rl would become much less (by approx- 
imately one-quarter) than in n-p-n Darlingtons. 

The special feature of the RCA monolithic power Darlington 
is the manner in which Rl is achieved, as shown in Fig. 3. The 
value of Rl is: 


R 1 


P SH 

27T 


In 


do 

di 


where PSH is the sheet resistance of the base under the emitter in 
£2/111, do is the outer diameter of El, and di is the inner 
diameter. Using for do and di the values normally used for an 
RCA n-p-n transistor, this equation can be reduced to: 


P SH " 6 7 R 1 

ELECTRICAL CHARACTERISTICS 
hpE - DC Current Amplification 

The emitter current of the driver transistor, Ql, of the 
Darlington configuration is fed into the base of the output tran- 
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sistor, Q2. The total dc current amplification, hpg, is the 
product of the amplification of each transistor because the base 
current of the output unit is the emitter current of the driver. 
Actually, the composite amplification factor may be slightly 
higher than the product because the collector current of the 
driver contributes to the total collector current; this contri- 
bution is negligible for high values of dc current amplification. 
Fig. 5 shows the dc current amplification, hgg, as a function of 
collector current, Ig, for transistors Q1 and Q2 and for the 
Darlington, all in log-log scale. The Darlington has a very rapid 
roll-off toward high collector currents, as both Q1 and Q2have 
falling characteristics. 

To construct the dc current-amplification curves for the 
Darlington from the curves for the individual transistors, the fact 
that the matching points on the two curves do not lie on a 
vertical plane (i.e., the same value of collector current) must be 
considered; the collector current of the output transistor is 
much higher than that of the driver. The interrelation is given by 
l£l = Igase 2> or not c l uite as exact > but simpler, Igj =* Ig ase 2 

For a given collector current, I 0 , point A is found in Fig. 5 
and an Ig = constant line followed to hp£ = 1 (point B) . Here, 
IC = Ig and more especially, Igj = Ig ase 2 Point B yields point 
C, the value of hp£j, which is then added graphically to 
hp£2 , BC = AD . 



Fig. 5 — DC current amplification curves for the Darlington transistors. 


This graphical construction does not take into account that 
Igl is contributing to the total Ig. For a more exact combined 
hp£, point D would have to be shifted to the right by the 
amount log Igj , thereby staying on an Ig ase j = constant line 
defined by CD. 

Some base current is shunted by R1 whose resistance is 
approximately 2 to 10 kilohms. As long as the product of Ig and 
R1 is smaller than approximately 0.3 volt, there is no output 
current, Ig. Between 0.3 and 0.6 volt, Q1 turns on. In this Ig 
range, the beta of the Darlington is determined by the beta of Q! 
since part of the base current now really flows into the base of 
Q1 and is amplified. As soon as this amplified current is suff- 
icient to drop 0.3 to 0.6 volt across R2, approximately 50 to 300 
ohms, Q2 is also turned on -- the circuit works as a Darlington. 
Part of the base current is still shunted through R1 (Vggi is 
approximately 0.6 to 0.8 volt across Rl), and this changes the 
hpg versus Ig characteristic of the Darlington, as shown in Fig. 
6. Resistance R2 has a similar influence, but it is not as pro- 
nounced. 



Fig. 6 — DC current amplification as a function of collector current. 

Output Characteristics 

Fig. 7(a) shows the output characteristics for small collector 
currents. Only Q 1 conducts when Ig is less than 1 0 milliamperes. 
Because Q2 needs a Vgg of about 0.6 volt to turn on, R2 is 
approximately equal to , or 60 ohms. In other words, a 

current of 10 milliamperes is shunted off B2 through R2 to 
ground; any current in excess of 10 milliamperes is amplified by 
Q2. 

Fig. 7(b) shows the same output characteristics for a larger 
collector current. The saturation curve shows an offset voltage 
of about 0.6 volt, which is the Vgg of the output transistor, Q2. 
Q2 is not in saturation, even when Q1 is. The total Vgg( sat \ is 
the sum of the Vgg( sat ) of Q1 plus the Vgg( act ) of Q2. The 
slope of the curves for constant values of Ig indicates an output 
resistance of about 10 ohms. This resistance is lower than it 
would be for a comparable discrete transistor, and at least part of 
it can be traced back to the change of R 1 with Vgg (see Fig. 1 6). 

Saturation Voltage 

One of the disadvantages of a Darlington circuit is its high 
saturation voltage. It is high because the output unit, Q2, is not 
really in saturation, but at a voltage Vgg that is the sum of the 
^BE(act) plus the Vgg( sat ) of Ql, as mentioned above. 

The fact that Vgg( act ) is involved means that even at low 
currents, Vgg^ sa ^ is at least 0.6 volt. At values of Ig below 
^ ma y var y an y W here from a few milliamperes to 
approximately 30 milliamperes depending on the value of R2), 
the circuit does not work as a Darlington at all; only Ql con- 
tributes to Ig. In this region, Vgg( sa ^ consists of Vgg( sat \ of 
Ql plus the voltage drop of Igj across R2 (compare Figs. 7(a) 
and (b) ). 

Sustaining Voltage 

The voltage, Vgg, which can be sustained in breakdown 
between the collector and emitter of a discrete transistor is de- 
pendent on the condition at the base. This is less true for a 
Darlington with built-in resistances Rl and R2. VggQ is not 
really an open-base mode, but is rather a Vggg, even though Rl 
may be rather high. 

In the Vggx mode, (base to emitter reverse biased), the re- 
verse bias mainly affects Q 1 since the reverse voltage is divided 
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(a) 



92CS-2390I 

ib) 

Fig. 7(a) — Output characteristic of the Darlington for small collector 
currents. As R1 increases with rising Vq^, part of the 
0.5-mA / g is amplified by Q1. (b) same curve as (a) but for a 
larger collector current. 

down by R1 and R2 and very little reverse bias is applied to B2. 
Therefore, Q2 will still be in the R mode and will determine the 
breakdown voltage. For this reason, the V^eo v CER> an( * 
VCEX f° r monolithic Darlingtons with built-in resistances are 
identical for all practical purposes. 

Leakage 

Normally, the conditions on the base do not affect leakage, 
just as they do not affect sustaining voltage. However, when the 
driver transistor, Ql, leaks enough so that the leakage. current 
cannot be shunted to ground effectively by R2 the condition on 
B1 does make a difference. This condition holds for leakage at 
temperatures above 100°Cand becomes critical above 150°C. 

The leakage of Ql at high temperatures is voltage dependent, 
and at a certain voltage it may be large enough to create a voltage 
drop across R2 sufficient to turn Q2 on. The result is a fully 


turned-on unit above a certain V^e; this critical value of V^e 
drops with rising temperature, as shown in Fig. 8. 

The above discussion indicates that a reduction of R2 will 
improve high-temperature performance (and RCA has done just 



Fig. 8 — Collector current (base open) as a function of collector-to- 
emitter voltage. 

that), but the leakage of Ql is also of importance. Since the base 
of Ql is accessible, reverse bias can be applied and the base 
drained of carriers, thereby avoiding any beta multiplication 
effect in Ql . An increased negative bias not only drains B1 more 
efficiently, but also drains B2 to some extent and improves the 
leakage situation, as shown in Fig. 9; the voltage limitation in 
this case is the result of excessive leakage, not a sustaining volt- 
age. 



92CS- 23902 

Fig. 9 — Effect of reverse-bias voltage on high-temperature leakage. 

When the Darlington is held in the off state by a saturated 
transistor, a small positive bias occurs. The natural voltage which 
occurs at the base of the Darlington in an open-base mode is very 
small (approximately 50 millivolts) and results from the voltage 
drops caused by leakage currents across R1 and R2 respectively. 
Any voltage more positive than this open-base voltage tends to 
increase the leakage by impeding the drainage of the base. This 
condition is especially important at high temperatures, where 
the voltage capability is limited by the turn-on voltage dictated 
by the leakage current, Fig. 10. 

Small-Signal Amplification and Frequency Response 

The monolithic Darlingtons are power devices, and the 
important gain parameter is the dc gain, hpE- I n discussions of 
the stability of operation, however, the small-signal gain, hf e , is 
pertinent, as its value influences the initiation of oscillations. 
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Fig. 10 — Effect of positive bias on high-temperature leakage capability. 

At higher collector currents, hf e will roll off even faster than 
the dc beta, hpg, because, in this region, a small incremental 
increase in base current will have comparatively little effect on 
the collector current. The reason for the slight effect is that the 
emitter is depleted of carriers. At low collector currents, the 
small-signal gain, hf e , will be considerably higher than the dc 
beta, hpg. Under this condition the hpg is low because part of 
the base current is shunted by Rl. This current through R1 is 
fairly constant with Ig, as Vgg is fairly constant, and therefore 
any change in the ac component of Ig is transmitted into the 
base proper. 


The frequency response of a transistor is expressed in hf e or 
fp, Fig. 11. In a Darlington built from two discrete transistors, 
two different frequency-roll-off curves are superimposed, as 



shown in Fig. 12, and neither fhf e nor fp can be defined in the 
classical sense. In monolithic Darlingtons, the driver, Q1 , and the 
output unit, Q2, have the same fhf e . Therefore,, the curves 



Fig. 12 — Frequency roll-off curves for two single transistors and for a 
Darlington constructed of two discrete transistors. 


shown in Fig. 12 will converge to one, as in Fig. 13, and have 
only one knee and a roll off of 1 2 dB per octave ( -2 slope in 
log-log). An hf e can be defined at the knee of the curve, but an fp 
does not exist. There is, of course, a frequency (fj in Fig. 13) at 
which the Darlington has unity gain (hf e = 1), but this does not 
imply that in the area of the frequency roll off (fhf e <f <f j) the 
product f jhf e is constant. 

The -12 dB-per-octave slope adds an inherent instability 
because the phase angle shifts as the absolute value of hf e de- 
creases with frequency. Depending on the rest of the circuitry, 
the Darlington may tend to oscillate (Nyqvist criteria). 



Fig. 13 — Frequency roll-off curve fora monolithic Darlington. 


Emitter-Base Characteristics 

As shown in Fig. 1, there are two base-emitter diodes in 
series, each with a resistance in parallel. Rl is approximately 
2,000 to 10,000 ohms, while the value of R2 is much smaller, as 
low as 50 ohms or as high as a few hundred ohms. 

Fig. 14 shows the “leakage” current Igg versus the emit- 
ter-to-base voltage, Vgg. Only a very small part of Igg is really 
leakage; the main portion of the current is determined by Rl and 
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Fig. 14 — "Leakage" current I as a function of emitter-to-base 
voltage, Vgg. 

R2. For 0<Vpg <Vj , the slope corresponds to (Rl + R2) and is 
slightly non-linear. At Vgg = V j ,the voltage on theemitter-base 
diode of Q1 is sufficient to cause breakdown, and at Vgg >Vj , 
resistance R2 determines the slope of Igg versus Vgg. 
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While R2 is relatively insensitive to voltage (Vcg) and tem- 
perature variations, R1 is very sensitive to both. This sensitivity 
results from R1 being the resistance of a certain region of the 
base under the emitter, El. The resistance of this base region 
increases with applied voltage, (or V^g), and also increases 
with temperature. Fig. 1 5 shows the change of R1 with 



COLLECTOR -TO -EMITTER VOLTAGE (V CE ) - VOLTS 
92CS- 23908 


Fig. 15 — Change in R1 with change in collector-to-emitter voltage in Q1. 

AsRl is somewhat non-linear with Veb> as shown in Fig. 14, 
its value changes with changes in that voltage. The value of R1 
for low VgB (approximately 0.5 volt) will have to be considered 
in determining how much drive current is shunted from the base; 
the “leakage” at reverse bias is governed by a higher value of R1 . 
Fig. 1 6 shows the variation of R1 with temperature. 



TEMPERATURE -°C 
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Fig. 16 — Variation of Ftl with temperature. 


Switching Time 

The on time of the monolithic Darlington is comparable to 
that of a discrete transistor of similar construction. The time can 
be shortened by driving the base harder, e.g. with a speed-up 
capacitor. 

The storage time is determined only by the driver, Ql , since 
the output transistor is not in saturation 
t v CE2 = V BE2 + v CE(sat)ll - Therefore, storage time can be 
reduced by forced off-drive at B1 . 

The fall time cannot easily be shortened by reverse drive at B1 
since very little of it comes to the base of the output transistor, 
B2. The voltage at B2 just drifts down governed by the charge of 
the base, the amount of charge used by the transistor, and the 
amount of charge shunted to ground through R2. Therefore, a 
lower value of R2 yields shorter fall times. 

APPLICATIONS 

Darlingtons can be used to advantage wherever high beta is 
needed; they can be driven directly from an integrated circuit. 
Darlingtons are especially useful in places where space is scarce; 
for example, they are widely used in line printers as hammer 
drivers. Their use also reduces the number of components, 
which tends to increase the reliability of the entire circuit, and 
which also cuts the number of insertions required on the pro- 
duction line. 

Darlingtons can be used in applications where extremely low 
supply voltages are available, like the 5 volts in a computer or in 
an automobile during cranking, but the high Vcj7( sat ) (approx- 
imately 1.3 volts at 5 amperes) will decrease the efficiency. In 
applications where temperatures in excess of 125°C to 150°C 
are to be expected, the Darlington may be turned on by the 
leakage of the driver , Q 1 . 

Darlingtons are used in switching applications, such as motor 
controls or hammer drivers, and also in inverters up to a fre- 
quency of about 20 kHz where the speed-up of the fall time can 
be used to improve the efficiency. Examples of linear appli- 
cations are the output of audio amplifiers and shunt - and 
series - regulated power supplies where the Darlingtons can be 
driven directly from integrated circuits. 
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Accurate Measurement of Sustaining 
Voltage of Power Transistors— 

A Pulsed-Breakdown Test Set 

by A. L. Falk 


Several techniques for the measurement of the primary 
(sustaining) breakdown voltage of power transistors are in 
common use today. The characteristics and limitations of 
these test methods frequently make rapid and accurate 
sustaining-voltage readings on power transistors difficult or 
impossible to make. The test set described in this Note is 
intended to fill the need for accurate, laboratory -type, 
sustaining-voltage measuring equipment, although circuitry 
used in the test set design may be adapted to high-speed 
testing equipment. 

The test-set design is the result of efforts to develop a 
system which could provide a digital readout of the 
Vce(sus) °f a transistor at various test currents. Design 
goals included high accuracy and a minimum of 
dependence on the test-set operator for the interpretation 
of waveforms or the interpolation of readings. These 
efforts produced a test set capable of testing transistors 
having maximum voltage capabilities to approximately 
700-volts, dc. A test pulse width of 200 microseconds is 
used; pulse repetition- rate is three per second. The 
resulting low duty cycle (approximately 0.06 percent) 
reduces the average power delivered to the transistor under 
test to such a low level that heating effects which might 
affect transistor characteristics are virtually eliminated. 

COMMON TEST METHODS 
The Inductive-Sweep Method 

The common inductive sweep circuit, Fig. 1(a), operates 
by driving the transistor under test, TUT, into its 
saturation region when the contacts marked X in Fi°. Ka^ 
close. An inductor in the collector circuit stores energy 
equal to 1/2 until the contacts open and reduce 

the base drive, Ig, to zero. When Ig is 0, the operating 
point of the TUT moves very rapidly to point C, Fig. 
1(b). Between points C and D, the transistor is in its 
sustaining voltage region, and an oscilloscope reads out a 
display of the V CE ( SUS ). 

By applying a short constant-current pulse to the TUT, 
the pulsed-breakdown test set eliminates the time-variant 




Fig. 1 - (a) Common inductive sweep circuit; (b) movement 
of TUT operating point for circuit in (a); (c) 
voltage and current waveforms for circuit of (a). 
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and current-variant effects inherent in the TUT in the 
inductive test methods, and produces a more accurate and 
repeatable measurement. 


The Curve-Tracer Method 


The basic curve-tracer circuit* shown in Fig. 2 uses 
theoretically non-reactive circuit elements to produce an 
oscilloscope trace in which the TUT has little alternative 
but to display its V^e(sus) characteristic. However, peak 
power dissipation in the TUT may be high. 

DISSIPATION 



Fig. 2 - Curve-tracer circuit. 


By the use of a very short, low - repetition-rate test 
pulse, the pulsed-breakdown test set allows relatively high 
test currents even for high-voltage transistors. 



(a) 



Fig. 3 - (a) Block diagram of the pulsed-breakdown test 
set; (b) curves that determine V( sus j of the TUT. 


PULSED-BREAKDOWN TEST SET 

Fig. 3(a) shows a block diagram of the 

pulsed-breakdown test set. COS/MOS digital timing 
circuitry provides timing pulses to a pulsed, high-voltage 
current source; the current source applies a regulated 

190-microsecond pulse of current to the TUT socket. The 
intersection of the programmed-test-current curve with the 
characteristic curve of the TUT, point A in Fig. 3(b), is 
the V( sus ) of the TUT, and is the voltage across the TUT 
socket. A 100-to-l differential voltage divider reduces the 
V( sus ) of the TUT to a range acceptable to the 
sample/hold circuitry. The output of the sample/hold 
circuitry is converted to a digital readout for the operator 
of the test set by a stable, accurate, digital voltmeter. As 
an alternative, an analog-to-digital converter might 
conceivably be used to replace the sample/hold circuit and 
DVM, and data could be directly transmitted to paper-tape 
punching, line-printing, or computer memory-storage 
equipment. 


Digital Timing Circuitry 

When press-to-test switch SI, located in the digital 
timing circuit of Fig. 4, is closed, mercury-wetted relays 
RL1 and RL2 are energized. The relays connect the 
high-voltage power supply, in Fig. 5, into the 

pulsed-current regulator circuitry. (Diode Dj, Fig. 4, 
absorbs the inductive energy from RL1 and RL2 when SI 
is opened). The opening of S2 allows checkout of the 
digital timing circuitry while disabling the high-voltage 
supply V cc . 

The closing of SI also applies a logic 1 signal to the 
DATA input line of flip-flop IC1A. A positive-going 
transition from the output of the 50-kHz clock now causes 
IC1A to change state: its Q output changes from a logic 1 
to a logic 0. The Q output of IC1A controls the RESET 
line of binary counter IC2. A logic 0 input allows the 
50-kHz clock pulses to be counted by the binary ripple 
counter. The 2*^ negative-going edge of the clock output 
causes a positive-going transition to take place at the 
output terminal of IC2. This signal, differentiated by the 
Cl-Rl network, is applied to theJSET input of flip-flop 2, 
IC1B. When IC1B is set, its Q and Q outputs direct the pulsed- 
current regulator to turn on the test current pulse to the TUT 
(Fig- 5). 
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Fig. 4 - Digital timing circuit. 


The first positive-going clock pulse after IC1B is set 
advances IC4 one count. A logic 1 then appears at the 1 
output of IC4. This output, which occurs 10 microseconds 
after IC1B has directed the current regulator to turn on, is 
used to set flip-flop 3, IC5A. The Q output of IC5A, 
inverted by the buffers of IC6, provides a signal to the 
MODE CONTROL input terminal of the sample/hold 
module, Fig. 6. At this time, the current regulator is 
causing a constant current to flow through the TUT socket. 
At the same time, the sample/hold module is being directed to 
sample, or track, a signal voltage equal to 1/100 the TUT socket 
voltage. Flip-flop 2 (IC1B) will continue to direct the 
current regulator to deliver its programmed current until 
IC1B receives a reset signal. Such a reset signal will be 
delivered when IC4 counts ten clock pulses. One clock 
pulse before that, however, the 9 output line of IC4 goes 



Fig. 5 - Test -current regulator circuit. 



Fig. 6 - Scaling amplifier and sample/hold circuit. 
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to logic 1, resetting IC5A. At that time, the sample/hold 


module is switched to the HOLD mode. The tenth count 
causes the carry-out line of IC4 to go to logic 1 . That 
signal, differentiated by R3 and C2, resets IC1B, which 
then directs the programmed current pulse to terminate. 
Fig. 7 is a pulse timing diagram for the sequence described 
above. Thus, the digital timing circuit always causes the 
sample/hold module to sample the socket voltage of the 
TUT (scaled by a factor of 100) during the test current 
pulse. 

By avoiding the use of monostable oscillators for timing 
purposes, problems of sequential and parallel pulse synchroni- 
zation are virtually eliminated from this circuit. 
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Fig. 7 - Pulse-timing diagram for the circuits of Figs. 6 
and 7. 

Test-Current Regulator 

The test-current regulator, Fig. 5, operates as an 
operational amplifier with current- and voltage-amplification 
stages, and is designed with a 700-volt, 500-milliampere 
output capability. 

COS/MOS bi-directional switches IC3B and IC3C, whose 
CONTROL input signals come from the Q and Q outputs, 
respectively, of IC1B, switch a positive or negative 
reference current into the inverting input of 
operational-amplifier OA1. During the test-pulse_ period, 
IC1B is SET, with its Q output a logic 1 and its Q output 
logic 0. These signals, applied to the CONTROL input of 
bi-directional switches IC3A and IC3B, respectively, turn 
off IC3B and turn on IC3A. With IC3A on, a signal input 
current proportional to Vzj, the voltage of a 
temperature-compensated zener diode, flows into the 
inverting input of OA1. The signal current is approximately 
equal to Vzi/^inl’ and causes a negative-going output to 
appear at the output of OA1. Qj, a type 2N6111 p-n-p 
transistor, operates as a voltage follower, eventually causing 
the emitter-base junctions of pass units Q9 through Q5 to 
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Fig. 8 - Current -programming resistors and relays. 

become forward biased. When this happens, current begins 
to flow through the collectors of the pass units, the 
supply, the TUT socket, and the current-programming 
resistors, Ri2-17> Fig. 8. Resistor R5, Fig. 5, limits the 
emitter current of the pass units in the event that the 
press-to-test button(s) are depressed with the TUT socket 
open-circuited. 

The current flow through the programming resistors 
causes a voltage drop, Vj, which results in the current 
flow through R^,, Fig. 5, essentially the feedback resistor 
of a circuit operating as a unity-gain inverter. The loop 
gain is adjusted in practice by Rj n , so that Vj equals 
exactly -5 volts, dc, during the test pulse. (This adjustment 
is explained in detail in the section entitled Calibration 
and Set-Up, below). If the current diverted through Rfo is 
ignored, the current through the TUT socket is exactly 
equal in magnitude to 5 volts divided by the value of the 
programming resistors. 

The test current is set by use of a binary-coded 
network of resistors connected into the circuit by 
switch-controlled mercury -wetted relays, Fig. 8. Each 
resistor, R n (n=12 to 17), contributes to the test current 
exactly (5 V/R n ) amperes of current. The error introduced 
into the magnitude of the test current by the shunting effect 
of Rfo is balanced by the addition of a programming resistor, 
always in-circuit, equal to Rft,. 

In order to assure rapid turn-off of the pass units, Q2.5, 
Fig. 5, when IC1B returns to its reset state (between test 
current pulses), IC3A is turned off and IC3B is turned on. 
This action causes a negative input current to flow in the 
inverting input of OA1 and drives the output of OA1 
positive until diode D4 becomes forward biased and zener 
diode Z2 breaks down. The output of OA1 is clamped to 
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approximately +6 volts to +8 volts, dc. Current flowing 
through resistor R5 and diodes D5 through D9 then serves to 
reverse bias the emitter bases of pass units Q2 through Q5. In 
addition, since the base of Qj is at a higher potential than 
its emitter, Q] is also biased at cutoff. Resistors R7 
through Rjq and diode D5 provide local negative feedback 
which causes current sharing among transistors Q2 through 

Qs- 

Current-Programming Circuit 

In the current-programming circuit, Fig. 8, the 
magnitude of the test-pulse current is controlled by the use 
of mercury-wetted relays that connect the 
current-programming resistors in parallel. 1-2-2* -4 weighting 
of coded decimal switching is used to divide the current 
flow among a greater number of resistors at higher current 
levels. Rotary switches, toggle switches, or thumbwheel 
switches can be used. Additional resistors (R CO mp) can 
included to compensate for current “lost” to 
current-regulator feedback and the scaling-amplifier inputs. 
For the values of Rft (Fig. 5) and R21 and R22 shown 
(Fig. 6), R CO mp is approximately 83 kilohms. 833, Fig. 8, 
is used in the calibration and set-up procedures for the test 
set. 

Scaling Amplifier and Sample/Hold Circuit 

OA2 of the scaling-amplifier and sample/hold circuit, 
Fig. 6, takes the voltage appearing across the TUT socket 
(subtracting the -5-volt reference pulse), divides it by 100, 
and feeds the result to the sample/hold module. The 
sample/hold module, mode-controlled by the output signal 
from IC6, holds a voltage equal to -(1/100) of the voltage 
which is sampled from the TUT socket during the test 
current pulse. The output of the sample/hold module is 
input to the terminals of a stable, accurate, digital 
voltmeter. 


CALIBRATION AND SET-UP OF THE TEST SET 


1. Clock (Fig. 7) 

Several-percent inaccuracy in the 50-kHz clock 
frequency should not affect circuit performance 
seriously. The digital timing will always strobe the 
sample/hold module during the test current pulse; the 
duty cycle of the pulse will not change. However, 
too short a pulse may not allow sufficient time for 
the TUT to stabilize in its sustaining region before 
the SAMPLE pulse from the sample/hold module 
ends, Fig. 9. Any frequency or period counter of 
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Fig. 9 - Capacitive effects at the TUT socket. 


sufficient accuracy can be used to check the 50-kHz 

clock frequency, or to calibrate the clock if an 

adjustable model is used. 

2. Balance OA1 

a. Close switch S5 (Fig. 5). 

b. Measure voltage at point A (Fig. 5) using DVM. 

c. Adjust trim pot of OA1 for null. 

d. Remove DVM. 

e. Open S5. 

3. -5-Volt Pulse Calibration (Figs. 4, 5, 8). 

a. Lower Vq^ supply to approximately 100 volts, 
dc. 

b. Short TUT socket. 

c. Move switch S3 (Fig. 8) to position b. This action 
sets the test current to 1 milliampere and disables 
the digital feedback circuit, which causes the test 
pulse to end (Fig. 4). 

d. Press the press-to-test switch(es) Sj until IC1B is 
triggered (approximately 1/3 second). 

e. Measure voltage Vj (Fig. 5) using test-set DVM. 
Adjust Rjn until V] is exactly equal to -5 volts, 
dc. 

f. Remove short from TUT socket. 

g. Disconnect DVM. 

h. Move switch S3 (Fig. 8) to position a. 

4. Balance OA2 

a. Close Switch S 5 (Fig. 6). 

b. Measure voltage at point B, Fig. 6. using DVM. 

c. Adjust trim pot of OA2 for null. 

d. Remove DVM. 

e. Open S^ 

5. Balance Sample/Hold Module 

a. Close switch S7 (Fig. 6). 

b. Measure sample/hold module output using DVM. 

c. Adjust trim pot of sample/hold module for null. 

d. Remove DVM. 

e. Open S7. 

6. Calibrate Test Set (or check calibration) 

a. At desired test current, measure forward drop of 
diode D j 5 (use curve tracer or equivalent) to 
nearest 10 millivolts, dc. 

b. Connect diode Dj5 to circuit of Fig. 10 as shown, 
and connect circuit of Fig. 10 to test-set TUT 
terminals as shown. 



XX HEWLETT/ PACKARD POWER SUPPLY MODEL 6448B, 
OR EQUIVALENT 


92CS- 2 3839 

Fig. 10 -Test-set calibration circuit. 
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IMPORTANT NOTE: Voltmeter and Vg^L supply 
may share common ground, but this ground must 
be isolated from test-set ground. 

c. . Using VTVM, set Vg^g so that voltmeter reads 

500 volts, dc, minus diode drop measured in step 
6 (a). 

d. Set test current to value used in step 6 (a). 

e. Press test button(s); reading should be 500 volts, 
dc (scaled to -5 volts dc). 

f. With the test current set to zero, and the TUT 
socket shorted, depression of the test buttons will 
yield a near zero reading on the digital-voltmeter 
readout. Any residual offset (typically less than a 
few millivolts) is compensated by repeating the 
zeroing of OA2 and the sample/hold module, steps 
4 and 5. With the TUT socket shorted, the trim 
pot for the sample/hold module should be used to 
cancel any offsets which cannot be accounted for 
by other means. Low resolution wire-wound trim 
pots should not be used. 
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- 12512, 1% 

- 25012 1% 

- 50012, 1% 

- 5.1k 

- 83k (approx.) (See text) 

- 500k, 0.05% (Vishay 
style HA5 18 or equivalent) 

- 5k, 0.05% (Vishay part No. 
300181: R 1 =R 2 =5k) 

- IK 

-510k, 2W, 10% 


R. D. Thornton, D. Dewitt, E. R. Chenette, P. E. Gray, 
Semiconductor Electronics Education Committee, John 
Wiley, New York, 1966. 

1 . “Handbook of Basic Transistor Circuits and 
Measurements” Vol. 7, pp 114-115. 

“Characteristics and Limitation of Transistors” Vol. 
4, pp 24-26, 4243. 

C. R. Turner, “Interpretation of Voltage Ratings for 
Transistors,” RCA Application Note AN-6215. 


T ransistors 
Q 1 -2N6111 

Q 2 through Q 5 - DTS-804; selected for Vggg) > 900 V at 1 
Ig = 1 mA 

Integrated Circuits: 


PARTS LIST FOR CIRCUITS SHOWN IN THIS NOTE: 
Capacitors 

Cj,C 2 ,C 3 - 150pFmica 

C 4 ,C 5 - 10 /iF 750 WVdc electrolytic 

Diodes 

Dj , D 4 -1N914B 

D 2> D 3> D 6-15 - 1N5193 

Zener Diodes 

V z 1 - 6 - 8 V Zener (2N 1 607 emitter-base) 

V Z2 - 1N4571A 


IC1, IC5 - RCA CD4013AE Dual “D” flip-flop with set/reset 
IC2 - RCACD4016AE Quad bilateral switch 

IC3 - RCACD4020AE 14-stage binary /ripple counter 

IC5 - RCA CD4017AE ! Decade counter/divider 
IC 6 - RCA CD4049AE Hex buffer/converter 


Miscellaneous 

50-kHz clock: Vectron model CO-236T or equivalent. 

OA1 , OA2: Analog Devices Model 45k or equivalent. 
Sample/Hold Module: Burr-Brown Model 4035/15 or 
equivalent. 

V cc Supply: Acopian Model 750UAO2L 0-720V @ 
20mA or equivalent. 

±15-Volt Op-Amp Supply: Acopian Model D15-75 or 
equivalent. 

+10V/-10V (relay, logic) Supplies: Acopian Module 
A10NT1 10 or equivalent. 

RL1, RL2, Kl -6 (relays): Clare Model HGSR5 1 1 1 1N00, 
or equivalent. 

DVM: Data Precision Model 2440 Digital Multimeter, 
or equivalent; options B3, B4. 
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Biasing Circuit for the Output Stage 
of a Power Amplifier— The Vqe Multiplier 


by M. Glogolja 


This Note describes a biasing circuit for the output stage of 
a power amplifier. The biasing circuit is called a Vgg 
multiplier; its purpose is to provide proper bias for the output 
transistors of the amplifier under all operating conditions. 
The amount of forward bias provided determines the quiescent 
operating point of the output stage. The criteria for determining 
the proper quiescent collector current of the output tran- 
sistors are the output-signal distortion level to be achieved and 
the need to minimize quiescent current because of dissipation 
in the output transistors. Fig. 1 shows the circuit of a typical 
complementary output stage for an audio amplifier. In this 
circuit, transistor Q3 serves as the biasing element for tran- 
sistors Q4 and Q5 . 

+v cc 



Fig. 1— Complementary output stage for an audio amplifier. 


Since all transistors are temperature sensitive, the bias 
circuit should change bias voltage in such a manner that the 
quiescent collector current of the output transistors remains 
constant. Typical temperature dependence of a silicon power 
transistor is shown in Fig. 2. The figure shows that the bias 
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Fig. 2— Temperature dependence of a silicon power transistor. 


voltage must decrease approximately 2 mV/°C if the collector 
current is to be constant. Failure to provide thermal com- 
pensation will result in a current change of: 


Ale 

AT 


10%/°C 


A further examination of Fig. 2 shows that an error of 20 
millivolts (3 per cent) in the bias voltage will result in a change 
in the collector current by a factor of 2. 

Transistor Q3 in Fig. 1 varies the biasing voltage for the 
output transistors so that quiescent current does not change 
with temperature change. This constant -current condition is 
achieved by mounting Q3, Q4, and Q5 on the same heat sink 
so that change of the junction temperature of the output 
transistors will change the heat-sink temperature proportionally 
and, therefore, the junction temperature of Q3. If, for example, 
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temperature increases, the collector current of Q3 would tend 
to increase too, but constant-current source Q6 keeps the 
collector current of Q3 constant. Under this condition, the 
Vgp of Q3 will decrease, and Vbj as will decrease proportionally. 
The net result will be the stabilization of the quiescent 
collector current of Q4 and Q5. 


Selection of Biasing-Circuit Resistors 

The circuit will function properly if resistors R2, R3, and 
R4 are selected so that: 


lj >l 2 >h 

In this case: 

V REF h ( R3 + R4 ) 


and 

R3 + R4 

V REF ~ R2 + R3 + R4 Vbias 
Let Rref = R3 + R4 
so that Eq. (3) can be written as: 


V REF" 


r REF 
R 2 + r REF 


^bias 


( 1 ) 

( 2 ) 

(3) 


(4) 


or 


v bias = V REF 


R 2 + r REF 
r ref 


(5) 


Since Vref is ^BE °f tbe b * as trans i stor Q3, it is evident that 
Vbias ‘ s ^BE multiplied by the ratio R2 + RrfF’ tbus tbe 

r REF 

name, Vgp multiplier. 

Resistor values will then be: 

R2 =Rref (^Ff'') (6) 

where Vgj as and Vref are voltages at ambient temperature. 

The change in bias voltage provided by the Vgp multiplier 
circuit is: 

, _/ R2 + Rrep\/cI v r EF \ 

b,as \ r ref /\ dT /Q 3 TjQ3 

where ATjq 3 is the temperature change of the junction of Q3. 
The change in the bias voltage required to maintain constant 
quiescent collector current in the output transistors is: 

^ v bias = (^) 04 ,q5 ATj Q4, 5 

where 

(dV B £) dV BEQ4 dV BEQ5 

= + and 

dT Q4,Q5 dT dT 


ATjq 4 5 is the temperature change of the junction of Q4 or 
Q5 (ideally, the temperature change is the same for both). 
Eqs. (7) and (8) must be equal, so that: 

/ £Xbe\ 

( R: + R REF^ = \ dT / Q4 ~ QS ATjq 4 5 
\ r REF / / dV REF\ - ATj Q3 (9) 
y dT J Q3 

Eq. ( ( )) shows that if resistors are chosen according to Eq. (6), 
ATjQ4,5 and ATjq 3 should be equal. In reality, these ex- 
pressions are not equal because of thermal resistance between 
the junctions of the output transistors and the junction of the 
Vgp multiplier transistor, Q3. As a consequence, the quiescent 
collector current of the output transistors will vary with 
temperature change; but if thermal design is done properly, the 
increase of the quiescent collector current with increase of 
temperature will be minimal. This is true assuming the change 
of the base-emitter voltage with temperature change for the 
Vgp multiplier and the output transistors to be the same. If 
the change of the base-emitter voltage with temperature change 
is greater for the Vgp multiplier than for the output transistors, 
it is possible to get over-compensation with increasing temper- 
ature. Thermal design is improved by the use of large heat 
sinks and transistors with lower values of thermal resistance 
between the junction and the case. 


Adjustment of Idling Current 

Separation of Rref into R3 and R4 (Fig. 1) is needed for 
adjustment of idling current. R3 and R4 should be selected in 
such a manner that R3 will determine maximum idling current, 
and the combination (R3 + R4) will determine minimum 
idling current, based on the typical characteristics of the 
output transistors. 

It should be noted that R4 is placed in the base-emitter 
circuit of Q3 rather than in the collector-base circuit. If R4 
were in the collector-base circuit and became open (a typical 
failure mode for variable resistors), it would cause simultaneous 
turn-on of all output transistors and possibly result in their 
destruction. Such a failure of R4 in the base circuit would 
result in a reduction of the value of Vbj as and greater dis- 
tortion of the output signal. 

Idling current should be adjusted (starting with the wiper 
of R4 in the CCW position) for the minimum current that 
will yield acceptable distortion. The idling current should be 
monitored during the adjustment, because too high a current 
could cause thermal runaway of the output transistors. 
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Radiation-Hardness Capability of 
RCA Silicon Power Transistors 


R. B. Jarl 


Because all military systems and weaponry may at one 
time be exposed to nuclear radiation, the effects of this 
radiation on the electronic system components must be 
determined and allowed for in the design. This Note 
describes the types of radiation damage that might be 
experienced by a power device and the tests used to 
determine the design most effective in preventing this 
damage. 

"RADIATION HARDNESS" 

In reality there is no such thing as a “radiation hard” 
transistor. A circuit or a device is considered “radiation 
hard” for a given application; the criteria is whether the 
entire circuit will perform its intended function after being 
exposed to a given radiation condition. There are several 
levels of nuclear radiation for which equipment is designed. 
For example, a hand-carried transceiver is designed for a 
radiation level of possibly one thousand times less than the 
guidance electronics in an ICBM warhead because, in its 
environment, the transceiver would be destroyed by a 
nuclear-weapon blast effect while the radiation level was still 
very low. An ICBM, on the other hand, flies outside the 
earth’s atmosphere; hence, the destructive mechanism might 
not be blast effect but, more likely, neutron, gamma, and 
X-ray effects from the defensive missile burst. The levels of 
radiation from which manned aircraft, weapons stores, 
missile launch systems and the like have to be protected lie 
somewhere between the levels for the transceiver and the 
ICBM. 

All transistors suffer degradation in gain, saturation, and 
leakage when exposed to nuclear radiation. The problem is to 
acquire sufficient knowledge of the transistor behavior after 
such exposure to allow the circuit designer to adjust the 
design for any undesirable changes that may occur in the 
device characteristics. The transistor designer may optimize a 
power device for radiation characteristics, but usually at the 
expense of its dc operating capability. 


DAMAGE CLASSIFICATION 

The types of radiation damage that may be inflicted upon 
a power device are classified as follows: 

1 . Physical Damage 

2. Displacement Damage 

3. Transient Radiation Energy Effect (TREE) 

4. Ionizing Electromagnetic Pulse Effects (IEMP) 

Physical Damage is inflicted on a device by “flash X-rays” 

from a nearby nuclear explosion. The X-rays produce a 
thermo-mechanical shock-wave in the dense material to 
which the transistor die is attached, usually molybdenum, 
copper, or gold. This shockwave then propagates into the 
transistor die and, if strong enough, will cause visible 
fracturing of the device. 

Displacement Damage refers to changes in the atomic 
structure of the silicon crystal caused primarily by the 
disruption of the crystal lattice by impacting neutrons. The 
result of this damage is an increased recombination rate in 
the base and increased collector-body series resistance. The 
combined effect is manifest by a decrease in current gain and 
an increase in collector-emitter saturation voltage. 

Transient Radiation Energy Effects (TREE) are caused 
mainly by gamma rays which produce large numbers of 
whole electron pairs in the collector-base and emitter-base 
junctions and cause large photo-currents to flow in the 
associated circuits. Intense gamma radiation may also cause 
current-gain degradation similar to that caused by neutron 
exposure, but the effect is modest compared to neutron 
effects. 

Ionizing Electromagnetic Pulse (IEMP) Effects are the 
result of an intense ionization of the surroundings of an 
aircraft or space vehicle that produces a voltage gradient over 
the hull of several hundred thousand volts. Wherever there is 
a gap in the metal skin, such as access doors, windows, or 
antenna feedthroughs, the field will redistribute itself and 
follow the path of least resistance, possibly down into the 
vehicle electronics. Should the IEMP suppression be insuffi- 
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cient, high-current pulses may be induced in the system 
electronics. In most cases, the protection of the small signal 
and logic circuits will dictate IEMP suppression well below 
the capabilities of the power devices. Where a power device 
will be exposed to an IEMP condition, a pulsed safe-area test 
may be applied to simulate the situation and verify the 
device durability. 

This Note is confined to the discussion of displacement 
damage (neutron effects) and transient-radiation effects 
(photocurrents), the main cause of failure of power devices 
exposed to nuclear radiation. 

DEVICES TESTED 

Recently, six different RCA power-transistor structures, 
as detailed in Table I, were subjected to fission spectrum 

TABLE I 

IRRADIATED POWER-TRANSISTOR SWITCHES 

SiZe V CEO f T 


Transistor 

Description 

(mils) 

(volts) 

(MHz) 

2N6479 

15A pwr sw. 
n-p-n 

155 x 155 

-60-80 

100-140 

2N5671 

30A pwr sw. 
n-p-n 

210x220 

100-140 

60-90 

2N5038 

20A pwr sw. 
n-p-n 

143 x 182 

100-140 

70-100 

2N3878 

7 A pwr sw. 
n-p-n 

103 x 103 

75-110 

60-90 

2N5320 

1A ampl. & sw. 42 x 42 
n-p-n 

70-120 

120-180 

2N6247 

10A ampl. 

150 x 150 

60-80 

4-10 


p-n-p 


neutron exposure and gamma radiation to determine their 
tolerance to nuclear and space radiation. Each sample 
consisted of 20 units. Except for the 2N6479, which was 
designed as a radiation tolerant device, these are standard 
commercial power transistors. The devices were evaluated for 
tolerance to neutron exposure and primary and secondary 
photocurrent generation as a function of gamma-ray inten- 
sity. Fig. 1 shows the circuit configuration and biasing used 
in measuring photo current. 

Neutron Testing 

Each unit tested for neutron tolerance received five 
fission-spectrum neutron exposures; the total fluence was 
sufficient to produce almost a total degradation in current 
gain (Hpg). Before and after each exposure, 5-volt, Hpg, 
appropriate V^-p(sat), Vgp(sat), I^bo *EBO arK * etching 
speed data were taken. Only Hpp and V^p(sat) degradation 
showed themselves to be of primary concern. I^po an( * 
Iebo i ncreas ed by only small and relatively manageable 
amounts. 



2N567I-2 

2N6247-8 

2N5320 

2N3878-9 

2N6479 


Fig. 1. Circuit and biasing arrangement for measuring photocurrent. 


V CEO i ncreas ed, as did fp (current gain bandwidth 
product), while switching times decreased. Vgp(sat) in- 
creased somewhat but was still very manageable. 

It is possible to predict Hpp after neutron exposure as a 
function of an empirically determined damage coefficient, 

K D : 


empirically determined damage coefficient, Kpj: 


K d 4> 

or 

H FE <f> 


H FE^ H FEo 


Krv<I> , 


FEo 


0 ) 

( 2 ) 


Where: 

HpE0 = Current gain after neutron exposure 
HpEo = Current gain before neutron exposure 
4> = Cumulative neutron fluence 

Kj) = Recombination-rate damage coefficient 

(The derivation of Equations 1 and 2 is given in the 
Appendix.) The more common form of this relationship is: 




^FE 0 


FEo 


( 3 ) 


The factor • the gain-bandwidth product, is an 

approximation of the base transit time. Eq. 3 works well 
with small signal -devices, where fp may be easily and 
repeatedly measured at the same collector current and 
voltage levels as the other parameters of concern. The 
measurement of fp at currents greater than 1 ampere is 
extremely difficult owing to junction-temperature problems. 
Furthermore, because of the low output impedances which 
exist, and the difficulty of obtaining a load impedance which 
must be even lower, the fp results are only qualitative in 
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nature. The gain-bandwidth product within members of a 
given device design are generally uniform; therefore, for this 


study, 


27T fj 


was merged with K (the recombination-rate 


damage coefficient) such that: 


2 n "f ~ = composite Ilpg damage coefficient. 


Figs.2, 3(a) through 3(m),and 4(a) through 4(f) present the 
following typical information on the devices tested: 

V CE( sat ) vs cumulative neutron fluence (<f>) at a forced 
gain of 4 (Ig«/Ig=4). 

Vcg( sa t)vs cumulative neutron fluence (<J>) at a forced 
gain of 8 (Ig./Ig=8). 

HpE vs Ig prior to radiation 

Recombination-rate damage coefficient (Kgj) vs Ig. 



(b) 2N6479 (10A) 



92CM-25I30 


Fig. 2. Composite graph of recombination-rate damage coefficient as a 
function of collector current for the power transistors 
discussed in this Note. 



(c) 2N5672 (3A) 



CUMULATIVE NEUTRON FLUENCE (4>) — NEUTRONS /cm 2 
(I MeV EQUIVALENT) 


(a) 2N6479 <3A ) 



CUMULATIVE NEUTRON FLUENCE (40 — NEUTRONS /cm 2 
(I MeV EQUIVALENT) 


(d) 2N5672 flOA) 


Fig. 3. Collector-emitter saturation voltage and current gain as a 
function of cumulative neutron fluence for the power 
transistors discussed in this Note. 


Fig. 3. Collector-emitter saturation voltage and current gain as a 
function of cumulative neutron fluence for the power 
transistors discussed in this Note. 
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(e) 2N5038 (3A) 


(h) 2N3878 (1A) 




(f) 2N5038 (10A) 


(i) 2N3878 (2A) 



(g) 2N3878 (0.3A) 


(j) 2N5320 (0. 1A) 


Fig. 3. Collector-emitter saturation voltage ana current gain as a 
function of cumulative neutron fluence for the power 
transistors discussed in this Note. 


Fig. 3. Collector-emitter saturation voltage and current gain as a 
function of cumulative neutron fluence for the power 
transistors discussed in this Note. 
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(k) 2N5320 (0.3A) 


(a) 2N6479 



(!) 2N6248 (1A) 



( b ) 2N5672 



(m) 2N6248 (5A, V c£ ; 4A, H FE ) 


Fig. 3. Collector-emitter saturation voltage and current gain as a 
function of cumulative neutron fluence for the power 
transistors discussed in this Note. 



COLLECTOR CURRENT (I c ) — AMPERES 


(c) 2N5038 

Fig. 4. Recombination-rate damage coefficient and current gain as a 
function of collector current for the power transistors 
discussed in this Note. 
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(d) 2N3878 



92CM-25I48 


(e) 2N5320 


Photocurrent Testing 

The effect on power transistors of high-intensity radia- 
tion, such as high-energy electrons, gamma rays, and X-rays, 
is ionization in the collector-base and emitter-base depletion 
layers that produces primary photocurrents proportional to 
the electrical volumes of the junctions. When these photo- 
currents flow through the biasing networks and are sufficient 
to produce the appropriate IR drops in the circuit extrinsic 
to the base-emitter circuit, the device may become forward 
biased, producing what is known as “secondary photo- 
current” by means of conventional Hpg amplification. 
Primary photocurrent production is predictable and can be 
stated as a coefficient of 6.4 juA/rad(Si)/cm3. The expression 
for the collector-base photocurrent, Ipp C , may be written as 

I n = 6.4x10-6 x AxW 

where A is the area of the base in cm2 and \y j s the width of 
the collector-base depletion layer in centimeters. Note that W 
is to some degree voltage dependent; therefore, I will also 
be voltage dependent to the extent that tne collector 
depletion layer widens according to the collector voltage and 
the impurity ratio between the base and collector layers. 

Fig. 1 shows the circuit used for obtaining the photo- 
current data in this Note; it is not entirely satisfactory for 
the levels of photocurrent that may occur in large power 
devices. Because the photocurrent is measured by monitoring 
the voltage across a 50-ohm termination resistor, the 

Vrr 

arrangement saturates at a photocurrent of — ^ - thus, the 
amount of current measured is not a true indication of I 
at the higher exposure levels. The curves of Figs. 5(a) 
through 5(f) should be evaluated with this fact in mind. 



92CM-25149 


(f) 2N6248 


Fig. 4. Recombination-rate damage coefficient and current gain as a 
function of collector current for the power transistors 
discussed in this Note. 



92CS-25I50 

(a) 2N6479 

Fig. 5. Collector-base photocurrent as a function of dose rate for the 
power transistors discussed in this Note. 
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92CS-25I5I 


(b) 2N5671 



92CS-25I52 


(c) 2N5038 



(d) 2N3878 

Fig. 5. Collector-base photocurrent as a function of dose rate for the 
power transistors discussed in this Note. 



io 5 10 6 I0 7 I0 8 


DOSE RATE — rad/Si/s 

92CS-25I54 

I e ) 2N5320 



92CS-25I55 

(f) 2N6248 

Fig. 5. Collector-base photocurrent as a function of dose rate for the 
power transistors discussed in this Note. 

Characterization of the devices tested consisted of 
measuring the primary photocurrents in the transistors and 
plotting these as functions of radiation dose rate. Tests were 
performed at the 25 MeV linear-accelerator facility at the 
White Sands Missile Range, New Mexico. Radiation pulse 
widths of 5 to 6 microseconds were used to attain 
equilibrium photocurrent. All testing was performed with the 
accelerator in the elcCuOu-bcaui muue of operation. Varia- 
tions in dose rate were obtained by positioning the test 
device at different distances from the beam port. Dose rates 
ranged from about 5 x 10^ to 2 x 10^ rad(Si)/s and were 
determined from the responses of a calibrated diode. The 
radiation response of the diode was, in turn, calibrated 
against lithium fluoride, Tiny Thermoluminescent Dosimetry 
Discs (TTDD’s), and calcium fluoride impregnated Teflon 
chips, both of which were positioned in the area normally 
occupied by the device under test. 
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The photocurrent characteristics of the various devices 
evaluated are shown in Table II and described below. 

TABLE II 

DEVICE PHOTOCURRENT CHARACTERISTICS 

TOTAL GAMMA DOSE 
(rads-silicon x 103) 

2 3 4 5 


Transistor Type 
Test 


No. 


APPENDIX 

DERIVATION OF THE 
NEUTRON-DAMAGE COEFFICIENT 

The common-emitter current gain at a constant voltage 
may be expressed as: 

H FE = tjR “ 1 ( A -’) 

where: 

t b . = base transit time 
R = base recombination rate 


2N6479 

.93 

2.2 

4.2 

33.2 

79.2 

2N5671 

1.2 

2.3 

3.7 

26.7 

58 

2N5038 

1.5 

2.7 

4.1 

25.1 

38 

2N3878 

.93 

2.13 

3.63 

24.6 

49.6 

2N5320 

.85 

2.0 

3.4 

32 

73 

2N6247 

.83 

1.68 

2.68 

6.1 

26.3 


2N6479. Relatively linear collector-base photocurrents 
were observed. The emitter-base plot was non-linear. Second- 
ary photocurrent began at 3 x 10? rad/s. The primary 
photocurrent generation rates in amperes per rad per second 
are: 

collector-base 5 x 10-9 A/rad/s 
emitter-base 1 x 10-1 1 A/ rad/s (approx.) non-linear 
2N5671-2. Both the collector-base and emitter-base 
junctions exhibit a linear relationship between the photo- 
current and the dose rate. However, this transistor type 
switched into the secondary-photocurrent mode from 5 x 
106 to 2 x 10? rad/s, so that the points of the emitter plot 
are accordingly reduced in quantity. The plot in Fig. 5(b) 
yields a primary photocurrent generation rate of: 
collector-base 4.8 x 10*9 A/rad/s 

emitter-base 2 x 10*10 A/rad/s 

2N5038-9. Linear relationships between the photocurrent 
and dose rate for both collector-base and emitter-base 
junctions were obtained. The onset of secondary photo- 
current was observed at dose rates of 2 x 10? to 2 x 10® 
rad/s. The primary photocurrent generation rates taken from 
Fig. 5(c) are: 

collector-base 3.1 x 10'9 A/rad/s 

emitter-base 6.5 x 10-H A/rad/s 

2N3878-9. The collector-base junction shows a linear 
relationship between photocurrent and dose rate, whereas 
the emitter base is very non-linear. The non-linearity holds 
even though data is plotted from 5 x 10$ to 10^ rad/s, and 
secondary photocurrent did not begin until the dose rate was 
3 x 10? rad/s. The primary photocurrent-generation rates 
are: 

collector-base 2.4 x 10*9 A/rad/s 

emitter-base 1 x 10-1 1 A/rad/s (approx.) non-linear 
2N5320. Linear results. Secondary photocurrent is not 
observed for this device for dose rates as high as 3 x 10^ 
rad/s. The collector-base photocurrent generation rate is 4 x 
10-10 A/rad/s. 

2N6247-8. Linear relationship between photocurrent and 
dose rate for both junctions were seen. Secondary photo- 
current was observed at about 3 x 10? rad/s. Primary- 
"photocurrent generation rates are: 
collector-base 2.9 x 10*9 A/rad/s 

emitter-base 2.1 x 10*10 A/rad/s 


The recombination rate (R) is proportional to the number of 
defects produced in the base by neutron radiation. The 
number of defects is proportional to the total exposure. 
Therefore, R may be expressed as: 

R = R q + K4> (A-2) 

where: 

K = a damage coefficient 

4> = total neutron fluence 

The base transit time, (t b ), may be approximated by the 
relationship: 

*b ■ ik < A - 3 > 


Manipulation of Eqs. A-l and A-2 yields the expression: 
_ 1 , 1 1 , 

" ‘b W 1 H FEo + ' ; 

where: 


^FEo = ^FE P r l° r t0 neutron exposure 1 
^FE0 = Hpg after neutron exposure^ 
Simplifying, 

H FEo + 1 = H FEo 
Eq. A-4 now becomes 


K4> 


= 1 (~ — 
l b ^ H FE <p +l 


^FEo 


A reorganization yields: 


1 + H 


FE 


t b K4> + _ 


(A-4) 

(A-5) 

(A-6) 

(A-7) 


Hi 


FEo 


If Eq. A-3 is then substituted in Eq. A-7, the expression 
becomes: 

1 (A-8) 


1 + H, 


FE 


K4> 

27T f-p 




1 

FEo 


As described in the main text, fg and K may be merged as: 
K 


2nU 


= K n 


(A-9) 


1 + Hpg^ is usually expressed as Hpg^, and the expression 
becomes: 

1 


H 


FE0 


K n $+ 1 


(A- 10) 


H, 


FEo 
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AN-6330 


A Safe-Area Rating System for Power 
inverters Handling Capacitive and 
Inductive Loads 


Although transistor power inverters have classically 
been evaluated with resistive loads, the reliability of practical 
inverters often depends on inductive and capacitive loads and 
associated starting transient considerations. This paper de- 
scribes a safe-area rating system for transistors, and relates 
this system to self-excited single-transformer, self-excited 
double-transformer, and driven inverters operating into re- 
sistive, capacitive, and inductive loads under both steady- 
state and starting conditions. 

Analysis of inverters to determine whether they will 
operate reliably depends on the safe-area rating of the tran- 
sistors used in the inverter circuits. The rating system used 
must be easily related to complex transient waveforms, and 
must be comprehensive enough to include all conditions that 
may cause device failure. Most important, the rating system 
must be realistic, i.e., conformance with the safe-area require- 
ments must assure device reliability. 

With a system such as the one described in this paper, 
the analysis of inverters with complex loads is relatively 
simple. The general procedure is as follows: 

1. The worst-caseload lines are measured or calculated. 

2. The load-line information is translated into an energy 
form which can be directly related to the forward- or reverse- 
bias safe-area rating shown on the transistor data sheet. This 
translation involves two steps: 

(a) calculation of actual energy and of equivalent sin- 
gle or repetitive pulses for thermally limited or 
second-breakdown-limited s ituat ions ; 

(b) direct comparison of energy dissipated in the tran- 
sistor in the inverter with the published rating for 
the reverse-bias case (Es/bl ■ 

For inverters operating into inductive loads, it is also 
necessary to consider the inverse current transfer ratio (beta) 
and possible diode protection. The safe-area rating system 
developed by RCA and used throughout this paper for in- 
verter analysis is energy-oriented, i.e., it takes into account 
transistor capability to absorb short- duration energy pulses. 

Forward-Bias Safe-Area Rating System 

In general, a transistor can dissipate energy in either 
the forward-bias or the reverse-bias mode. The forward-bias 
mode is defined as the condition under which conventional 
current flows to the base terminal of a transistor in a direc- 
tion that results in normal transistor action (i.e., into the 
base of an n-p-n transistor and out of the base of a p-n-p 
transistor). An example of a typical forward-bias safe-area 
curve is shown in Fig.l. This curve, which is derived on the 


basis of a single non-repetitive rectangular pulse occurring at 
a case temperature of 25°C, is bounded by the maximum 
current Ic(max) and maximum collector-to-emitter voltage 
VCEO( max ) ratings for the transistor. According to the ac- 
cepted definition of active operation, the operating collector- 
to-emitter voltage VCE cannot exceed VCEO- 



Fig.l - Typical forward-bias safe-area curve . 

A two-step derating system is used to adapt the safe- 
area curve to practical cases. First, a single pulse at an 
elevated case temperature is considered, and all thermal 
limitations are derated linearly with temperature by use of a 



EFFECTIVE CASE TEMP. OR CASE TEMP.(T E ppOR T c )— "t 
Fig. 2 - Temperature derating chart. 
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derating chart such as that shown in Fig. 2. Operation of a 
transistor is sometimes limited by forward-bias second break- 
down (Is/b) in certain operating regions; published data for 
the transistor indicate whether separate temperature derating 
is required in such regions. 

The second step in the derating system is the consider- 
ation of repetitive rectangular pulses. For such derating, an 
effective case temperature Teff is introduced which depends 
on average power dissipation, as follows: 

Teff = I'case + Pavg ^jc^ (0 

where Tease is the actual case temperature, P a vg is the aver- 
age power, and 6j c is the thermal resistance from junction to 
case. The transistor is derated for the effective case temper- 
ature in the same manner used for a single pulse. The reduc- 
tion of complex power pulses to repetitive rectangular pulses 
at an arbitrary case temperature permits the processing of 
virtually any waveform. As an example, Fig. 3 shows an 
actual power waveform and an equivalent rectangular pulse 
containing the same energy per cycle and the same peak power. 1 



(a) 





TIME 

Fig. 3 • Actual voltage, current, and power pulses, and 
equivalent rectangular power pulse. 

An important exception to the procedure of lumping all 
energy at peak power involves transistors operating near 
their second-breakdown limit. Because this limit varies in- 
versely with voltage squared (approximately), the point of 
maximum stress occurs below peak power, but at a higher 


voltage. Therefore, the energy should be lumped at a point 
closest to the second-breakdown limit, i.e., at the worst-case 
excursion point of the power curve into the safe-area region. 2 

Reverse-Bias Safe-Area Rating System 

The reverse-bias mode of transistor operation is defined 
as the condition under which conventional current flows to the 
base terminal of a transistor in a direction which tends to cut 
off normal operation. If a purely resistive load were being 
switched off, collector current would be essentially zero and 
no power would be dissipated after the transistor switched 
off. However, if some amount of inductance L is present in 
the collector circuit of a transistor and an attempt is made to 
turn the device off, the inductance causes a collector current 
IQ to flow through the breakdown voltage of the device, and 
considerable energy may be dissipated. The energy dissipated 
in this case is approximately equal to LIC^/2. 

The ability of a device to dissipate energy in the re- 
verse-bias mode (ES/b energy) depends upon the reverse base 
voltage, the base resistance, and the inductance in the col- 
lector circuit. Fig.4 shows the second-breakdown character- 
istics of a transistor operating in the reverse-bias mode. The 



— 7 —6 -5 — 4 —3 -2 -I 0 


BASE-TO-EMITTER VOLTAGE (V BE ) — V 
Fig.4 - Reverse-bias second-breakdown characteristics. 

energy E that the transistor is required to handle in a particu- 
lar application is determined by the equivalent inductance 
Leff in the collector circuit and the maximum current Imax to 
be switched, and is given by 

E = S4 L e ff I 2 max (?) 

The energy Es/b that the transistor can handle before second 
breakdown occurs depends on the circuit inductance L, the 
base-to-emitter voltage Vgg, and the base-to-emitter resist- 
ance RbE. as follows: 

Es/b = % L I 2 pk { 3) 

where the value of L is obtained from published data for the 
transistor (for the 2N3772, L = 40 x 10' 3 henries) and the 
peak current Ipk is determined from the values of RbE an( ^ 
VbE- Comparison of Eqs.(2) and (3) indicates whether the 
circuit is operating safely from a reverse-bias safe-area view- 
point. 

Types of Inverters 

Two inverters were constructed to permit evaluation ol 
typical inverter operation by the safe-area rating system de- 
scribed. These circuits, a single-transformer type and a 
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TRIGGER TRIGGER 
CIRCUIT CIRCUIT 
(FIG. 6) (FIG. 6) 


TO TRIGGER 

CIRCUIT (FIG. 6) (a) 


Transformer Characteristics 


Core 

Sq. Orthonol; 

Magnetics Inc. No. 52001 -2A 

Primary 

60 turns No. 14 wire 

Secondary 

125 turns No. 18 wire 

Base 

Winding 

6.turns No. 1 8 wire 


(b) 

Transformer Characteristics 



T 1 

T 2 

Core 

Sq. Orthonol; 

Magnetics Inc. No.52035-2A 

Micros! 1 150 E/0.004; 

1 .5 by 1 inches 

Primary 

67 turns No. 23 wire 

20 turns No. 14 wire 

Secondary 

24 turns No. 18 wire 

40 turns No. 18 wire 


Switches S] and S 2 are ganged. 


Note: The 0.1-ohm resistors and the leakage inductances (L)are used 
for circuit evaluation only. They are replaced with jumpers 
during normal operation. 

F/g.5 -Typical inverter circuits: (a) 300-watt single-transformer inverter; 
(b) 400-watt two-transformer inverter. 


double-transformer type, are shown in Fig.5. Neither circuit 
is self-starting; the starting circuit for both inverters is shown 
in Fig. 6. The two-transformer inverter shown in Fig. 5(b) also 
includes provision for external drive to simulate a driven in- 
verter. The oscilloscope trigger shown in the starting circuit 
facilitates the study of starting transients. 

Although the circuits shown in Figs. 5 and 6 are practi- 
cal circuits, they are designed to represent basic circuit oper- 
ation rather than optimized design for a particular application. 
However, the data obtained with the aid of these circuits are 
generally applicable to specific designs. The conventional 
waveforms shown in Figs. 7 and 8 were obtained with the 
inverters operating into a maximum-power resistive load; these 
waveforms are used as a basis for inverter analysis. The 
waveforms obtained for the driven inverter are very similar to 
those shown in Fig. 8. 

The waveforms of Figs. 7 and 8 indicate the basic 
switching difference between one- and two-transformer in- 
verters. In a single-transformer inverter, as shown in Fig. 7, 
switching is initiated after a rapid increase of collector cur- 
rent caused by output-transformer saturation (evidenced by 



EXTERNAL TRIGGER 

Fig. 6 - Starting circuit used with inverters of Fig.5. (*Values 
of C x and R x determine length and amplitude of starting pulse 
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the spike in the collector-current waveform) . In a two-trans- 
former inverter, as shown in Fig. 8, switching is initiated after 
the driven transformer saturates and base current is reduced 
(as evidenced by the relative absence of a collector-current 
spike). The small current spike observed for the two-trans- 
former inverter is caused by loading of the output transformer 
by the saturation of the driver transformer. From a safe-area 
aspect, the important point is that maximum instantaneous 



0 0.4 0.8 1.2 1.6 2.0 

TIME - ms 
(a) Normal Operation 



l I i I i l i i l I I 

0 0.4 0.8 1.2 1.6 2.0 

TIME - ms 
(e) 35-Ohm Load 


1. The steady -state power dissipation is established for 
the transistor under consideration. In the typical circuit of 
Fig.5(a) , each transistor carries a current of approximately 11 
amperes at a collector-to-emitter saturation voltage Vcg(sat) 
of 0.8 volt; therefore, the average power dissipation PD(avg) 
is (11 x 0.8) /2, or 4.4 watts. 

2. The switching load line, shown in Fig. 7(d), is plotted 
on a safe-area curve, and the worst-case excursion point into 



0 o!4 0.8 ' L2 L6 ’ 2.0 

TIME — ms 
(b) Normal Operation 



70 60 50 40 30 20 10 0 


VCE-V 
(f) Load Line 


Fig. 7 - Single-transformer inverter waveforms . 


power occurs during switching in both cases, as shown in 
Figs. 7(d) and 8(d). 

Resistive-Load-Line Analysis 

Prior to consideration of capacitive and inductive loads, 
it is instructive to outline the general procedure for safe-area 
analysis of circuits operating with resistive loads only. For 
a single-transformer inverter, the procedure is as follows: 


the safe area is determined. This point, represented by point 
A in Fig.l, is approximately 300 watts. 

3. The switching-time energy is calculated from the 
switching waveforms. Comparison of Figs. 7(c) and 7(d) shows 
that only the turn-off transient contributes appreciable energy 
The switching energy E is calculated by graphical integratioi 
of the pulse shown in Fig. 9(a) as 1.1 millijoules. 
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TIME - ms 
(a) Normal Operation 




TIME - ms 
(b) Normal Operati 


TIME - ps 
(c) Turn-On Time 


TIME - ms 
( d) Turn-Off Time 


(e) 35-Ohm Load 


60 50 40 30 20 10 0 

VCE - V 
(f) Load Line 


Fig. 8 - Two-transformer inverter waveforms . 


4. An equivalent pulse is specified to represent the 
energy calculated. It is assumed that all energy is dissipated 
at the worst-case power point (300 watts). Fig. 9(b) shows 
the equivalent power pulse. The equivalent pulse width is 
1.1 millijoules/300 watts, or 3.7 microseconds. This pulse 
corresponds to an average power of 1.1 watts. 

5. The effective case temperature Teff i» calculated 
from Eq.(l) as follows: 


x eff 1 case r avg ' u '}c J 

T eff ~ T case + (4 - 4 +11) (0 jc ) 

For the 2N3772 power transistor, the thermal resistance 0jc is 
1.17°C per yjatt; therefore T e ff = T case + 6.5°C. 

6. The maximum case temperature permissible for safe 
operation is determined by use of the normalized power multi- 
plier on the safe-area curve for the equivalent pulse width 


determined above. For a pulse width of 3.7 microseconds, the 
safe-area curve of Fig.l indicates a multiplier of 12 (this fig- 
ure is used for all pulse widths of 40 microseconds or less). 
The actual power ratio is then determined as the ratio of peak 
power to 25°C steady-state power. For the case considered, 
this ratio is 300/150 watts, or 2. Therefore, the temperature 
derating factor is from 12 to 2, or 17 per cent of full rating. 
Fig. 10 shows that this derating corresponds to an effective 
case temperature T e ff of 171°C. 

7. The maximum permissible case temperature T case is 
then calculated as follows: 


Tease =T eff -6.5°C 
Tease =171-6.5 = 164°C 

That is, the inverter will operate reliably up to a case temper- 
ature of 138°C. 
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If this analysis were made on the basis of average dissi- 
pation only, the derating factor would be 3.7 per cent of 150 
watts, and the maximum case temperature would be 193°C. 
Operation under such conditions would almost certainly impair 
the reliability of transistor performance. 


normalized-power-multiplier scale indicates that 2.8 times 
rated power can be handled for a period of 18 milliseconds. 
Because the power to be dissipated is 200 watts, or 1.3 times 
a rated power of 150 watts, the derating factor is 1. 3/2.8, or 


Capacitive Load Lines 

When a full-wave bridge rectifier and a filter capacitor 
are added to the output of an inverter circuit, the primary 
effect from a safe-area viewpoint is a starting transient which 
exists until the filter capacitor is charged. Fig. 11 shows 
starting transients for three types of inverter circuits opera- 
ting into a 400-microfarad filter capacitor and a 35-ohm load. 
For the self-excited inverters, as shown in Figs. 11(a) through 
11(d) , the maximum current reached in the first few cycles of 
operation depends entirely upon the drive supplied by the 
starting circuit and the gain of the transistors. The inverter 
frequency is determined by the supply voltage minus the col- 
lector-to-emitter voltage of the unsaturated transistors 
(i.e. , the voltage across the transformer primary). As the 
starting-circuit drive decreases, the feedback drive increases 
with the increasing output voltage across the capacitor. In 
the driven inverter, as shown in Figs. 11(e) and 11(f), base 
drive and frequency are constant, regardless of output voltage. 
Although initial peak power in the self-excited inverters can 
be controlled to some extent by proper control of the starting 
circuit, sufficient drive must be provided for sure starting. 
In all three cases, the transistors cannot saturate until the 
filter capacitor is charged; therefore, a period of high dissi- 
pation exists. 

Although the procedure for safe-area analysis of capaci- 
tive load lines outlined below describes a single -transformer 
inverter; it also applies for other inverter types. 

1. The initial turn-on load line and the locus of all 
succeeding load lines are determined, as shown in Fig. 11(b). 2 

2. The total energy dissipated in the starting transient 
is calculated. First, the waveforms of collector-to-emitter 
voltage VcE an d collector current Ic as functions of time are 
redrawn as shown in Fig. 12, and a third curve is plotted of 
power as a function of time. The total energy Et handled by 
the transistor in 42 milliseconds is given by 

Ex = Ej + E2 + Eg/2 

where the energy values are determined from Fig. 12. The final 
term E3/2 indicates that each transistor handles only one-half 
the energy E3. The total energy, therefore, is given by 

Ex = (0.9 + 0.3 + 2.4) = 3.6 joules 

The load line for this case, shown in Fig. 13, indicates that 
the worst-case power point P occurs at approximately 200 
watts and 23 volts. 

3. An equivalent single power pulse is calculated. It is 
assumed that all pulse energy is dissipated, at the worst-case 
power point. With a peak power of 200 watts, the equivalent 
square-wave pulse duration r e q is given by 

r eq = 3.6 joules/200 watts = 18 milliseconds 

The safe-area curve of Fig. 13 indicates that a pulse of 200 
watts and 23 volts can be handled for 500 milliseconds when 
the transistor case temperature is 25°C. 

4. The maximum allowable case temperature T case is 
then determined. First, the 18-millisecond duration of the 
equivalent square-wave pulse is plotted on the safe-area curve, 
as shown in Fig. 13. The intersection of this line with the 
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TIME— ms 
(a) 
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Fig. 12 - Voltage, current, and power as functions of time for 
a single-transformer inverter with a capacitive load. 


46 per cent. Fig. 10 shows that this percentage corresponds 
to a maximum case temperature of 120°C. Therefore, the 
single-transformer inverter will start safely with a 400-micro- 
farad filter capacitor at case temperatures up to 120°C. 
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COLLECTOR-TO-EMITTER VOLTAGE ( V CE ) - V 


Fig. 13 - Capacitive load line for a si ng le-transformer inverter 
plotted on a forward-bias safe-area curve. 

For consideration of- repetitive starting, the analysis 
must be modified in the same manner as that used for repeti- 
tive pulses in the case of resistive load lines. If the starting 
circuit for a self-excited inverter supplies too much starting 
current, the safe-area curve will be exceeded, as illustrated 
in Fig. 14. In the driven inverter, the availability of full drive 
at all times presents a problem. The circuit used to obtain 
the curve shown in Fig. 11(f) operates outside the safe area 
and requires some adjustment in drive or substitution of a 
transistor that has a higher rating to conform to safe-area 
requirements. 
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Fig. 1 4 - Waveform exhibited by a si ng le-transformer inverter 
with excessive starting current. 

Inductive Load Lines 

Typical waveforms for a two-transformer inverter opera- 
ting into a highly inductive load are shown in Fig. 15. These 
waveforms show no unusually high dissipation regions. Curves 
of ^CE> VBE> and Ib are essentially the same as for a resis- 
tive load, and only collector ’current Ic and load current II 
differ substantially. The most evident change in operation is 
the appearance of a reverse collector current when the tran- 
sistor turns on. This phenomenon is described in detail below 


for a single-transformer inverter; the description also applies 
to other types of inverters. 

Fig. 16 illustrates steady-state operation in the bottom 
half of a single-transformer inverter at the instant before turn- 
on. As the upper transistor begins to turn off, the load current 
IL tends to remain constant because of the inductance L. This 
constant current induces a voltage at N\ and N£ of a polarity 
that tends to keep 12 constant and to drive the square-loop 
output transformer back into the active region. As a result, 
12 remains constant as the induced voltage across N 2 in- 
creases toward the value of the supply voltage. The magnetic 
coupling between N 3 and Nj and N 2 , because of conservation 
of flux linkage, causes the sum of II and I 2 to remain constant 
as long as II, does not change. 

When the induced voltage across N 2 exceeds the supply 
voltage VCC, the current 12 from the top loop may be commu- 
tated to the current Ij in the bottom loop. Because such com- 
mutation requires II to flow in a direction opposite to the 
normal flow of current, the effect of the resultant reverse 
voltage on Qi must be determined. The equivalent circuit 
for this instant of time is shown in Fig. 17. If Ql acts as a 
low impedance in this configuration, Ii is equal in magnitude 
to 12 at the previous instant, and flows in the direction shown. 

For analysis of transistor performance under the reverse 
voltage imposed by I]_, it is convenient to use the diagram 
shown in Fig. 18(a) . The terminals in this diagram are identi- 
fied only by numbers to illustrate that the collector can act as 
an emitter under certain conditions. For example, Fig. 19 
shows collector current Ic as a function of collector-to- 
emitter voltage VCE for both positive and negative values of 
VCE- Eor determination of bias conditions, the diode equiva- 
lent circuit of Fig. 18(a) is drawn as shown in Fig. 18(b) . If 
Dl and D 2 are considered to be ideal diodes (no forward drop 
and no leakage), it is evident that the diode current Iqj de- 
creases to zero and diode turns off as the collector cur- 
rent Ici approaches the value of the base current Ig. If Id 
becomes greater than Ig, a reverse voltage builds up across 
Dl. The value of this reverse voltage VD^frev) is given by 

Voi(rev) = (Icj - Ifi) Rb (4) 

Under the bias condition shown, the transistor operates in an 
“inverse-beta” mode, i.e., the collector and emitter inter- 
change roles. If sufficient inverse beta is available, a large 
Id can be carried with a very small voltage drop across the 
transistor. In effect, the transistor operates in saturation in 
an inverse-beta mode. 

Because dissipation in the inverse-beta mode is very 
low, no unusual safe-area problem exists. However, if the 
transistor experiences insufficient inverse beta, it comes out 
of saturation and the effective collector voltage VBE increases 
in direct proportion to the excess ICj that must flow through 
RB- Fig.20 illustrates the effect of insufficient inverse beta 
with high load current. It can be seen that the value of VCE 
must increase to approximately -8 volts. 

A condition of insufficient inverse beta is usually intol- 
erable from a safe-area viewpoint because it represents, con- 
siderable power dissipation in the emitter-to-base junction. 
Because the emitter is not tied directly to a heat sink (as is 
the collector) and is usually not designed to handle high levels 
of power, such dissipation presents a reliability hazard. In 
addition, manufacturers do not usually control inverse-beta 
characteristics. The problem of insufficient inverse beta can 
be eliminated, however, by use of a diode clamp across the 
collector and emitter leads, as shown in Fig. 21. When such a 
clamp is used, any excess collector current that cannot be 
handled by the transistor is simply shunted by the diode. 
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Fig. 15 - Waveforms for a two-transformer inverter with a 
highly inductive load. 


Leakage Reactance Effects 

Fig. 22 shows the equivalent circuit for one side of an 
inverter just before turn-off when there is leakage reactance 
Ll present. The leakage reactance supplies the difference 
between the induced voltage and the supply voltage VCC. and 
keeps the collector current Iq flowing. As a result, the energy 
dissipated in Q 2 can be much larger than the energy stored in 



Fig. 16 - A single-transformer inverter circuit with inductive 
load at the instant before turn-on. 


the leakage reactance Lj. 3 (When Q 2 switches off, the energy 
stored in the leakage reactance cannot be commutated and 
thus increases the switching energy dissipated in Q 2 .) A 
conservative estimate of energy requirements can be obtained 
by calculation of an effective leakage reactance Lj( eff), which 
is then equated to the energy dissipated in Q2- 2 However, if 
load lines are available, the energy requirement can be calcu- 
lated graphically. 

For this analysis, the single-transformer inverter was 
tested with an inductance of approximately 18 microhenries 
inserted in each collector lead to simulate leakage or other 
non-commutated inductance. The turn-off waveforms of V^F 
and IC as functions of time are shown in Fig. 23; the charts 


v CC 



Fig. 17 - The circuit of Fig. 16 at the instant of 
commutation of ^ fo /j. 
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Fig. 23 - Switching waveforms for an inverter circuit with 
leakage reactance . 
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Fig. 24 - Actual energy pulse calculated for an inverter 
circuit with leakage reactance. 


used in the calculation of energy are shown in Fig. 24. Be- 
cause reverse base current flows for an appreciable part of 
the turn-off time, a reverse-bias energy capability is required. 
Fig.25 shows that the 2N3772 can accommodate a reverse-bias 
second-breakdown energy ( Es/b) of at least 180 millijoules 
with an RBE of 10 ohms and a VgE °f -7 volts. 
Although the actual value of RbE used in the test circuit was 
less than 10 ohms, Fig.25 shows little dependence of Es/b 
on Rb (for this type) and it can safely be assumed that the 
circuit under discussion is operating safely. 

This preliminary calculation shows only that the tran- 
sistors will not fail because of reverse-bias second break- 
down. For determination of the maximum case temperature, 
the energy of 2.48 millijoules shown in Fig. 24 is used to 
calculate an equivalent pulse, as in the case of resistive load 
line analysis. In other words, reverse-bias second breakdown 
Es/b is considered as a separate failure mechanism; if the 
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Fig.25 - Reverse-bias second-breakdown characteristic 
curves used in thermal analysis of a single-transformer 
inverter with leakage reactance present. 
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Fig. 26 - Waveforms showing the effect of unbalanced 
leakage reactance on load lines. 


device operates safely from the standpoint of Es/b» it is still 
necessary to establish that it can operate safely from a thermal 
viewpoint. For thermal analysis, only the thermally limited 
lines and dashed-line extensions of the safe-area curve (Fig.l 
or Fig. 13) are used. 

Fig.26 shows the effect of unbalanced leakage reactance 
on load lines. The load lines shown were observed with 18 
microhenries only on the side shown. Comparison of these 
load lines with the ones in Fig.23 shows that those of Fig.26 
are more severe. The difference can be explained with refer- 
ence to the diagram shown in Fig. 27. As described previous- 
ly, the energy dissipated in Q 2 depends on the induced voltage 
and the supply voltage VcC- The presence of Ll|, however, 
reduces the induced voltage by V]^, the voltage across 
when Ql turns on and Q 2 turns off. 1 2 3 [This effect is illus- 
trated in Fig. 23(a), where VCE after the transient is lower than 
the normal value of induced voltage plus V(X> which is typi- 
cally close to 2VCC0 The effect of no Ll| is to increase the 
induced voltage and hence increase the dissipation of Q 2 . As 
a result, the absolute values of Lh and Llo and the unbalance 
between them are important. Unbalanced inductance has a 
similar effect in two-transformer and driven inverters. 



Fig. 27 - Circuit used to explain the effect of unbalanced 
leakage reactance. 
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